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,86 important FEA^rUrtES OF METEOROLOGY OF SOUTHEi^N ASIA\ 

and severe famines in India during the past 150 years, showing the exceptional character 
of the famines of i8g6'97 1 399**9^° 
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A brief statement is first of all given of the meteorology of India during the period 
1892*1902 as preliminaiy to the investigation of the' meteorology of the two contrasted wet 
and diy periods into which the whole period may be divided. 

The discussion for each of the two periods is arranged under the following heads 
(i) More important facts of the (fistribution of rainfall in India and the neighbouring 
regions as furnished by the departmental data, 

(a) The distribution of rainfall in more distant regions in as far as it determines the 
limits of these large general variations of rainfall. 

(3) Associated meteorological phenomena in the areas of similar rainfall variatioHj 
, ' ' more especially temperature, humidity, cloud, pressure, solar radiation, and 

ground surface temperature. 

(4) Discussion of the peculiar meteorological features of the period and more especi* 

ally of the relation of the distribution of the rainfall to the atmospheric 
circulation in the Indian Ocean, 

Before giving data for the whole of India it appears to be desirable to give a single 
example showing the very great local variations of the rainfall and the varying intensity of 
.the drought even in comparatively small areas in India. The area selected is a portion of 
the Simla lull districts, about 70 miles long and 60 miles broad. 
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The following gives a summary of the above 
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The data are consistent and show clearly the increasing amount of the ileficiency in 

proceeding from the first line of hills (Kasauli) to the mteriorat Kilba, about 6o milesup the 
Sutlej Valley and 30 miles from the first line of snows The deficiency at Kilba m the 
■eight years 1893-1902 is nearly equal to three years' mean rainfall. 

This example shows that it would be impossible within the compass of a memoir to 
discuss thoroughly all the important local variations in the distribution of the rainfall 
■during the period over the whole of India, and hence only the broad facts of the rainfall 
distribution in India are considered in the present investigation. 

Brief statement of the meteorology of India during the 

PERIOD 1892*1902. 

The following gives a brief account of the chief features of the meteorology of each 
year of the period 1892-1902 extracted and compiled from the annual summaries {which 
should be consulted if fuller information be required). 

1892 TIw cold-weather fenod.—TaQ rainfall of this period was small in amount and 
considerably below the normal, more especially in Upper India, There were four disturb- 
ances in the month of Januaiy, but they were very feeble and gave little rain. The only 
important storm of this period crossed Northern India between the 12th and 15th of Febru- 
ary. ft gave light to moderate rain to the whole of Northern India. 

The most important feature of the period was the veiy deficient precipitation in the hill 
districts of the Punjab and United Provinces where the weather was exceptionally dry, and 
in the plain districts of Upper India. 

The hot-weather /icrjdrf.— This period \ias even drier than usual over by far the greater 
part of the interior. March was exceptionally dry. Assam, Lower Burma, and Tenasserim 
were the only areas iihich received occasional showers Weather was more disturbed than 
usual in April and May in North-Eastern and Southern India, which were risited by frequent 
series of thunderstorms. Assam, Tenasserim, Malabar, Mysore and South Madras received 
larger rainfall amounts than usual. The Cachar and Sylhet districts of Assam, and the Assam 
hill districts had exceptionally heavy rain in April and Assam and North Bengal heavy rain 
in May. 

The mith-west monsoon period,— ’\\\& first burst of the monsoon commenced on the 
Malabar Coast about the 24th May. It extended to North Kanara on the aSth and 
Ratnaglri on the 28th. The greater part of Southern Indiaand the Deccan received mode- 
rate rain during the last week of May. 

The monsoon rams commenced on the Bombay coast on the ist June, slightly earlier 
than usual, and extended very rapidly during the next week over the whole of India except- 
ing the Punjab and West Rajputana. This advance was feeble and was followed by a pro- 
longed break over the whole of the interior which lasted until the first week of July. The Bay 
current was established about the normal date in Bengal. The Bay current strengthened 
inthelastiieek of June and the Bombay current in the first week of July. Both currents 
rapidly extended in full force over Northern and Central India, and prevailed with unusual 
steadiuess until the last neek of September. They withdrew on the a6th from North-West 
India. The Bengal current, as judged by the rainfall, was considerably stronger than usual 
during the whole period, and the Bombay current was strong and steady m the months 
of July and September, and feebler than usual in August. The rains were abundant in 
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•€veiy part of India except Burma and Bengalj where there was a slight to moderate 
deficiency. The rainfall was exceptionally heavy in the West Punjab and West Rajputanaj 
the total fall of the period at many stations being considerably larger than had been 
previously recorded. 

The relrcaiing soulh-'sest monmn pemd.~~lh& monsoon current retreated earlier 
than usual from Bengal in the second week of October and the rainfall in that month was 
in moderate general defect in North-Eastern India and more especially in the northern 
districts of Bengal and Bihar and in the Assam Valley. The Bay current during the latter 
half of October was mainly directed to the north and central coast districts of Madras. 
The Deccan and the Madras coast districts hence received abnormally heavy rain during 
this period. 

November was an abnormally dr}' month in Madras. A cyclonic storm which formed 
in the centre of the Bay on the a6th October and following days, advanced northward 
and gave a much needed burst of rain to the greater part of Bengal on the ist, 2nd and 
3rd. Light local showers of little agricultural value were received during the first and last 
weeks of November in the central and southern districts of Madras. The total rainfall 
of the month in eight of the twenty-two districts or collectorates in that Presidency was 
less than a tenth of their normal fall. 

A diffused storm in the first week of December gave light to moderate rain, 
chiefly in the coast districts south of Madras- The monsoon current withdrew from the 
Bay at the end of the first week of the month and hence about a week to a fortnight 
earlier than usual. The ralnf-all of the month was largely below the normal in all the 
Madras districts and the drought in that Presidency was as marked as in the preceding 
month. 

The more important features of the meteorology of the year in India were the 
foil OK'ing:— 

(1) The Mure of the cold-weather rains over the plain and mountain districts 

of Northern India. 

(2) The prevalence of finer and drier weather than usual over the whole of North- 

AVestem and Central India during the hot weather and the occurrence 
of exceptionally heavy rain, due to series of severe tliundcrstorras, in Bengal 
and Assam during April and May. 

(3) The prevalence of strong and steady Immld currents during the south-west 

monsoon. 

{4) The feebleness of the retreating monsoon current in the Bay and the conse- 
quent failure of the rains and prevalence of severe drought over the Peninsula 
in November and December. 

1693, The cold-Tucatfur pcnod.^lha rainfall of this period was above the 
normal over nearly the whole of India and was largely in excess in Northern and 
Central India, as is usual after abundant soutli-wost monsoon rains. Eight cold weather 
storms or depressions advanced eastwards across Northern Jndia during the period. 
Five were of considerable intensity, and gave heavy rain in Nortli- Western India, and 
abundant snow in the Western Himalayas, Snow fell down to abnormally low elevations 
in the North-West Frontier Province. Thus it fell down to a licight of 1,800 feet in the 
hill districts to the west of Dera Ismail Khan and to 2,000 feet in the Kurram Valley. The 
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lOT'est reported elevations at which snow fell in the Western Himalayas during' ‘this period 
ivere i,8oo feet in the Hazara Valley and 3,000 feet in Kulu. The snowfall of the month of 
January was exceptionally heavy over the greater part of the Afghan and Punjab mountain 
areas, and of February was normal or slightly above the average. * 

The rainfall of the cold-weather season over the whole of Northern India was very 
largely above the normal, the excess being greatest in North-Eastern India, the Punjab and 
the Central Provinces. The rainfall was greatest in actual amount in Bengal and the 
Punjab, h., at the extremities of the Indo-Gangetic Plain. 

The rainfall in Burma and the Peninsula generally is always small in amount in the 
months of January and February ; but it was even less than usual in the cold-weather period 
of 1893— an example of the contrast of conditions between Extra-Tropical and Tropical 
India, which frequently obtains, more especially in the cold-weather. 

The average rainfall of the Indian area including Burma ^uringthe cold-weather period 
was a’39 inches {r46 inches more than the normal). 

The hot-weather fertod.—JlG cold-neather conditions were continued much later than 
usual and throu^out nearly the whole of March in Northern and Central India. Several 
storms of the cold-weather type crossed Northern India, during the month, which was hence > 
unusually cool. The most noteworthy feature of the month was the occurrence of frequent 
heavy rain o\er a large part of the Central Provinces and Central India. The abnormal 
precipitation during the storm periods inflicted great injury upon the cold-weather crops, 
mote especially the wheat crop, in those areas. 

Unusually cool weather continued throughout April in Northern India. Thunderstorms 
and duststorms were less numerous and vigorous than usual and the preciptation of the 
period in North-Eastern India due to these storms was much below the normal. 

The most important rainfall of the months of April and May was determined by two 
cyclonic storms. The first of these formed in the Bay in the last week of April and ad- 
vanced to Burma, to which it gave a brief but heavy genera! burst of ram. The second 
storm was generated in the north of the Bay in the fourth week of May and advanced by a 
curved path through Orissa, South-West and Central Bengal to Cacbar. It gave heavy 
rain to Orissa, South Bengal and Cacbar, 

A temporary advance of humid winds occurred also in the west coast districts of 
Bombay during the fourth week of May, and gave those districts heavy rain earlier than 
usual, an indication of the early advance and unusual strength of the approaching monsoon 
currents. 


The precipitation of the period was in excess in all districts except Assam, where it 
w-as practically normal 

The average rainfall of the period for the Indian land area was 7'32 inches, and was 
a8 per cent, above the normal of the period. 

The mth-west momon periol-~-'t\ie permanent advance of the south-west monsoon 
current m the Arabian Sea occurred in the first week of >ne and was noi accompanied with 
he formation of a cyclonic storm. This current advanced with greater rapidity than usual 
from the Bombay coast across Central India and Rajputana, and the rains hence began 
irom a week to three weeks earlier than usual in North-Western India. 

The PCTOI adranee in the Bay occanred dnmg the second mk of June. M 
»snal, a cyclomo stom formed in front of the humid enttent It crossed the North Madras 
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■coast and inarched along a curved track to Baghelkhand and gave a general and heavy 
burst of rainfall to the whole of the Gangetic Plain. 

Both currents hence extended more rapidly than usual from the coast districts to the 
interior of Upper India. They were also abnormally strong during the remainder of June, 
during whicli month the whole of India, with the exception of Burma, Askm and North 
Bengal, received abundant rain. 

■ The Bengal current was stronger than usual in July, but the Bombay current decreased 
in vigour to some extent and was slightly below its normal strength. Northern India 
obtained abundant rain, partly at the expense of Burma and Assam. The north of the 
Peninsula, Kathiawar, Gujarat and East Rajputana received less rain than usual, whilst the 
southern half of the Peninsula obtained larger amounts. This diversion of the Bombay 
current southwards was due to its want of strength. 

Both currents were somewhat below their normal strength and volume in August, and 
the 'rainfall was generally below the normal. The deficiency was marked in the districts 
most remote from tlie coasts, t.e., in North-Western and Central India, The rainfall of the 
month was, on the other hand, in slight excess in Burma and Assam, in which areas as well 
S.S in the Central Provinces, Berar and the Deccan it was below the normal in June and July. 

The Bombay current was slightly weaker than usual in lieptember, whilst the Bay cur- 
rent was abnormally steady and vigorous. Three cyclonic storms of moderate intensity 
formed in the north of the Bay during the month, and marched landwards along tracks 
defined by the position of the trough of.Iow pressure in Northern India at the time of their 
advance. The first two advanced by cur^'ed tracks through Central India and the Central 
Provinces to the South-East Punjab or the United Provinces, and the third along a north- 
north-westerly and northerly track into Bihar. The whole of Northern and Central 
India received abundant rain in September and the Peninsula normal rain. 

The rainfall of the monsoon period was above the normal in all districts vrith the excep- 
tion of Berar and Sind, and was unusually large in amount in the Punjab, United Proirinces, 
Bihar and Rajputana. 

The rcircitltn^ setith-isesi mnmn period,— Tha monsoon currents withdrew from 
North-Western India in the last week of September, somewhat later than the normal date. 
The Bay current was for some lime determined more strongly than usual to Burma and 
North-Eastern India and gave heavy rain in that area during the first fortnight of October. 
It was then diverted to the Peninsula about the middle of October and gave unusually 
"heavy and frequent rain to that area until the end of November. The rainfall of the period 
was hened abundant over the Peninsula and was excessive in the month of November over 
the north of the Peninsula, including Berar, the Central Provinces and Central India. Dur- 
ing this period pressure had increased more rapidly and largely than usual in Assam and 
Upper Burma, and was in considerable to large local excess during the greater part of 
November and December. Hence abnormally strong and diy northerly winds prevailed in 
November in Bengal, Burma and the north of the Bay and extended over the east and south 
of the Bay in December and the south-west monsoon current withdrew from the Bay in the 
beginning of that month, The rainfall of the Madras Presidency in December was 
consequently small in amount and confined to the South Coromandel coast districts and 
was chiefly due to intensified north-east monsoon winds and not to retreating south-west 
monsoon winds. 
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The whole of the Peninsula received abundant rain during the period. The rainfalP 
was large in amount and unseasonable in character in the Centra! Provinces and Berar. 
It was also exceptionally heavy in the central and south coast districts of the Madras Presi' ^ 
dency, more especially in the Godavari, Kistna, Nellore, Tanjore and Trichinopoly distncts-' 
The more important features of the meteorology of the year were the following:— ' 

(i) The cold-weather period was very disturbed and the rainfall of the period' 
generally above the normal, the excess being very large in Northern and 
Central India. Snow fell to unusually low elevations in the hill districts of 
Northern India and the air was hence much cooler than usual in that area. 

(a) Cold-weather conditions continued until nearly the end of March and series of 
disturbances of the cold-weather type affected Northern and Central India. 
Abnormally heavy rain occurred in the Central Provinces and Central India 
and inflicted much injury on the cold-weather crops. Weather was finer and, 
drier than usual in the Himalayan region in April and May and more unsettled 
than usual generally in North-Eastern India and Burma, more especially in 
the coast districts, which received heavy rain from an early advance of 
humid winds during the last week of May. The precipitation of the who'e- 
period was in excess in all districts except Assam. 

(3) The monsoon currents set in about the usual date on the Bengal coast And 

slightly later than usual on the Bombay coast. TJiey, however, advanced 
more rapidly than usual into the interior and abundant rain was received in, 
June over the whole of the country. The currents were unusually steady and 
strong in July and September and gave abundant rain tliroughout the country. 
They were, on the other hand, below their normal strength in August, in 
which month the rainfall was generally in defect. The rainfall of the whole 
period was above the normal in all districts except Sind and Berar and 
was unusually heavy in Northern India. 

(4) Unusually heavy rain occurred in the Peninsula from the middle of October to 

the end of November when the south-west humid winds withdrew finally from 
the Bay. The rainfall was excessive in the Central Provinces and Hyderabad, 
1894. The cold‘^eather period . — A considerable number of cold-weather storms affected 
the weather in Northern India during this period. Four advanced eastwards in January 
and three m February. They were all diffused disturbances of slight vitality which either 
did not extend into North-Eastern India or filled up as they advanced eastwards, arid were 
very feeble when they passed into that area. The precipitation due to these storms was 
hence almost restncted to North-Western India. The snowfall in tiie Himalayan area 
due to these storms, although heavy, was confined to considerably greater elevations than 
usual, and was most largely in excess in the interior ranges and in Ladakh and the Kara- 
korum mountain area. In consequence of the abnormal character and distnbution of the 
snowfall, the cold waves which followed the storms in their passage across Northern 
India were much feebler than usual, and the disturbed weather of the period exerdsed 
comparatively little Influence on the temperature conditions. 

The rainfall of the period was very irregularly distributed in Northern India. It was 
in general and considerable excess in North-Western India but was scanty and in large- 
defect relatively to the normal in North-Eastern India. 
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The hoU'scathcr period , — Weather was slightly more disturbed than usual in Northern' 
India in the month of March. It was drier than usual in North-Western and Central India 
in April. May was exceedingly hot and dry over the whole of India, with the exception of 
Burma, Assam and Kast Bengal. 

Burma obtained heavy rain during the fourth week of April from a cyclonic storm 
which initiated feeble monsoon conditions in that area, and frequent moderate rain fell 
during the month of M.iy before the burst of the monsoon proper. The rainfall of th& 
period was hence in large excess in that area. Also as almost invariably occurs when 
the hot-wcathcr conditions in Northern and Central India arc more pronounced than usual, 
Assam, North and E.ast Bengal received frequent thundershowers and the rainfall of the- 
period w.is in slight to considerable excess. Abnormally dry weather obtoined during 
the whole period (but more especially in M.ay) in Orissa, West and Central Benjal, Bihar 
and Chota Nagpur. The rainfall was practically ml in those areas and w.as small in amount 
in the United Provinces, the Punjab, Sind, Rajputana, Central India, Berar, and the 
Central Provinces .and w.as more or less in defect in all those provinces. The percentage 
deficiency was small in the Punjab, .and was large, relatively to the normal, in the remaining 
districts. 

. Tne south-vest monsson petiod^Thc rainfall of this period w.as larger in amount than 
usual and was continuous throughout the season and vciy favourably di'lributcd, as no- 
long brciak in the rains occurred in .any p.art of India. 

‘Southern India received more frequent rainfall from thunderstorms In May than usual. 
The burst of haivy continuous rain, which initiates the south-west monsoon proper, occur- 
red somewlwt hater th.an usu.al in the first week of June. The monsoon current was 
established .at Bombay on the ;th June .and extended rapidly into the Interior, reaching the 
Punjab on the i yih. The advance of the great monsoon humid w.ave over the Arabian 
Sea w.as effected more quietly than usual, as no cyclonic storm formed in that area during 
its progress towards India. The current was imusu-ally stc.ady and g.avc frequent moderate 
to 1ic.avy rain over the whole field of its extension during the next three months. 

The Bay current was established somewhat earlier than u.sii.al. The .advance in the 
north of the B.ay g.avc rise in the second week of June to a cyclonic storm, which marched 
by a curved path to the Punjab. A second and more severe storm w.as genenated in the 
third avcck of the month and advanced westwards to Rajput.ana, giving a heavy burst of rain 
to the areas it tr,avcrsed. The Bay current, .although strong, w.as very unsteady in July, 
giving rise to a .series of three cyclonic storms of moderate to considerable intensity. It 
was, on the other hand, unusually steady in August and September. The rainfall was. 
below the normal in June .and July in two areas only, ' j/jt., the Deccan and Ass.am, North 
and East Bengal. These areas, however, obt,aincd frequent .and moderate to heavy rain in 
the hatter h.alf of August and in September. The south-west monsoon rainfall in India 
was more abundant than usual over the whole Indi.an area .and was excessive over the- 
greater p.art of the United Provinces. 

The retreating south-vest monsoon period . — The rains ceased in Upper India (t.c., 
Sind, the Punjab and the greater p.art of R.ajputana) in the fourth week of September. 
The Bay current avas directed chiefly to North-liastcm India .and Burma during the first 
fortnight of October. A storm .advanced in the first week of the month from the Bay to 
the eastern districts of the United Provinces, to which it gave a heavy burst of rain. The- 

c 
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so'Called rorth-east monsoon rains in the Madras Presidency were initiated by a storm 
■which formed in the centre of the Bay, and advanced to the North Coromandel coast 
during the third week of the month. A second cyclonic storm (part of the same general 
disturbance) formed in the Arabian Sea and advanced to the Kathiawar coast and Gujarat. 
The double disturbance gave heavy and untimely rainfall to Central India, Kathiawar, 
Gujarat, the Central Provinces and the Gangetic Plain. The third and last cyclonic ' 
disturbance of the period formed in the Bay in the last week of October and advanced 
across the Madras Coast on thesndof November intolhe Deccan on the 3rd, partially 
filling up, The readual depression, like so many of the storms of the year, thence 
marched to the eastern districts of the United Provinces to which it gave a very heavy and 
most untimely hurst of rain. The perastent determination of the storms of the period to 
the central districts of the Gangetic Plain was one of the most noteworthy features of the 
meteorology of the year. After the disappearance of this disturbance rain continued to fall 
in moderate amounts in Madras until the third week of November, and then decreased 
rapidly, due to the final withdrawal of the south-west monsoon current from the Bay at the 
end of the month. Light showers were occasionally received in the South Coromandel 
coast districts from north-east winds in December, but the rainfall was scanty. 

Weather in December was unusually disturbed in Upper India. A series of feeble . 
depressions of the cold-weather type affected that area and gave moderate rain, much 
earlier in the season than usual. 


The chief features of the meteorology of the year were as follows ’ 

{1) The cold-ueather rains were more abundant and favourable than usual and were 
prolonged into March. 

(2) The hot-weather was, on the whole, more Intense than usual over the greater 

part of India. May ivas abnormally hot and dry and, as usual under these 
conditions, Ass.nm and North and East Bengal had more frequent and severe 
thunderstorms than usual and hence increased rainfall. 

(3) The monsoon currents, as judged by the rainfall, were unusually steady and 

strong and gave abundant rain to the whole of India and more especially to 
tne ioterior districts of Northern Jndia. 


(4) The distribution of rainfall doe to the retreating south-west monsoon in the Bay 
was very remarkable, due to the determination of the storms of the period 
much further landw-ards and northwards than usual to a persistent sink in 
the central districts of the Gangetic Plain, The rainfall during October and 
ovembenras hence excessive and unseasonable in the United Provinces 
Bihar, Baghdkhand and the northern districts of the Central Provinces and 
ako . etch. The ™ 

u\ Tt, distributed over the south and centre of the Peninsula 

rfi ? 7-^ commenced unusually early in December. 

” North- 

chiea,inNortb.WesternM, d» to these stones occurred 

to coisdsruM, WstelttL ,f Tf" 

The taiouK.7 • r ““ ™ ” ‘I® ™sss. 

totoHl this psrurd was very mgularl, distributed in Northern India, if was 
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in general excessj slight to moderate in amount, in North-Western India, but wusveiy scanty 
and in large defect, relatively to the normal, in North-Eastern India. 

The cold-weather rains of Northern India terminated in the second week of February, 
and hot-weather conditions were initialed in the Deccan and North-Eastern India at least a 
fortnight before the normal date. 

The rainfall of the period in Berar, the Central Provinces and the Deccan was gene- 
rally in slight excess due to the occurrence of numerous series of thunderstorms during the 
hot period in the second fortnight of February. 

The hot-weather period . — Weather was less disturbed than usual in Upper India in the 
month of' M arch, and was veiy dry over the remainder of India. Numerous series of thun- 
derstorms occurred in the Peninsula, East Bengal and Cachar in April, which gave some- 
\vhat heavier rain than usual. Very dry hot weather prevailed over North-Western and 
Central India. A cyclomc storm which formed in the Bay and advanced to the Arakan 
coast gave moderately heavy general rain to Arakan and Burma in the last week of the 
month of April. May was hotter and'drier than usual over the whole of India with the 
exception of Burma, Assam and East Bengal. 

The rainfall of the period was in moderate excess in Burma, Assam and North and 
East Bengal, but was small in amount and below the small normal of the period over the 
whole of North-Western and Central India and the north and centre of the Peninsula. 

The south-west monsoon period.~-T\\G rainfall of this period was considerably less in 
amount than usual and was very unfavourably distributed in some districts. The monsoon 
currents were of normal strength in June. They were feeble in July, and a more or less 
complete break obtained during the first three weeks of the month over the greater part of 
Norftem and Central <lndia, They were moderately strong in August and gave normal 
and, on the whole, favourable rain during that month. The monsoon currents withdrew 
from Upper India in the first week of September, upwards of a fortnight before the normal 
date of that retreat. 

The total rainfall of the period was more or less in defect over the whole of Northern 
and Central India and the north of the Peninsula. The deficiency was most marked in 
Bengal, Rajputana, the Punjab, Central India and Berar. 

The retreating south-west monsoon period , — The Bay monsoon current withdrew from 
North-Eastern India and Burma in the first week of October and was determined earlier 
than usual to the Madras coast districts. The rainfall due to that current was abundant in 
the Peninsula in October, very scanty in November, and in moderate excess in Southern 
India in December, due almost entirely to a late and heavy general burst of rain accom- 
panying an imperfectly developed cyclonic storm in the extreme south of the Bay during 
the last week of the month. The weather was slightly disturbed with feeble depressions of 
the cold-weather type in Upper India during the months of October and November. The 
rainfall of the period was in defect in all areas except South India and there it was norma! 
in amount. 

The chief features of the meteorology of the year in India were as follows 
(1) Weather was slightly more disturbed than usual during the cold season in 
North-Western India to which the storms of the period gave moderate and 
favourable rain. The snowfall of the Western Himalayas was heavier than 
usual only on the higher ranges. 
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(9) The hot weather was more intense than usual and was abnormally dry over the 
whole of North*Westem and Central India. Burma, Assam and North' and 
East Bengal, on the other hand, received rainfall in moderate excess, due 
to the frequent occurrence of thunderstorms. 

(3) The monsoon rains were less favourable than usual. They commenced about 
the normal date but the currents were not strong. The chief features were 
the occurrence of a longish break over the whole of Northern and Central 
India from the 2nd to the aoth July and the early termination of the rains in 
the same areas, at least a fortnight before the normal date 
' (4) The Bay monsoon current ftithdrew slightly earlier tlian usual from Burma and 

Nortli 'Eastern India ; it was determined to Madras from the middle of 
October and gave moderate to abundant rain to that .irea in October and 
December. 

1896. TAe fo/rf-ioeal/jtf)' The rainfall of this period was very scanty and in 
large defect, relatively to the normal, over the whole of India, except Burma, Assam and 
Central Madras. A considerable number of feeble cold-weather depressions affected the 
weather in Northern India during the first six weeks of this period, giving much cloud but 
little rain. Three appeared in Upper India in January and two in February They were all 
shallow diffused disturbances which either did not pass into North-Eastern India or filled 
up as they advanced eastwards, and were rery feeble when they passed into that area. 

1 he precipitation due to these stortns was practically restricted to North-Western India, and 
occurred as snow abo^e higher elevations than usual in the Himalayan area. The « inter 
snowfall in the mountain area bordering Upper India was moderatein aiaountandm 
‘defect except perhaps on the highest raoges. 


The rainfall of the period was practically normal in amount in the Punjab and more 1 
less in defect in Rajputana. Central India, the Central Provinces, the United Province 
Bihar and Bengal, 

nefwt-matkr ^nhr^.-Weather was slightly less disturbed than usual mUpp^ 
India in the month of March, and was very dry over the remainder of India. Numeroi 
senes of thunderstorms occurred in April in the Assam Valley and Cachar which hence n 
ceived heavier ram than usual. Oierthe remainder of India the rainfall was scanty at 
m general defect. May was hotter and drier than usual over the whole of India nitfa tt 
excepfaon of North and East Bengal, the Assam Valley and North Bihar, where series 1 
thunderstorms gave frequent showers and abundant rainfall. On the other band weatln 
was less showe^ than usual in Cachar. Lower Burma obtained moderate rain during th 
third week of May from a feeble cyclovic storm. ° 

The weather of the whole period was unusually dry in Burma, Orissa, West an 
Central Bengal, Bihar and Chota Nagpur, and the rainfall in moderate to considerable defpc 
It was also more or less below the normal in the United Provinces the Punish <;• / d 
pMtatia, Central hdia, the Central Provinces and Berar, The deficiency Jn ir * 
amount in Rajputana, the United Provinces and Central India, but was laL relari T 


I 


• The vmimn ;enhrf.-The meteorolomcal features nf M. « ■ j 

Hot.w«th« condition, i„ ,lni in^l™e,™^ 
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■and Central India about a fortnight later than usual, due to the delay in the establishment 
^f the monsoon in the Arabian Sea. 

The advance of the monsoon current in the Arabian Sea was accompanied by very 
‘squally weather which however failed to develop into a cyclonic storm. The monsoon 
current was established on the Bombay coast on the 14th June. It was fairly steady and 
of moderate strength throughout July and August, but fell off rapidly In the last week of 
August and was unusually feeble in September. 

The monsoon rains in Bcng.al were initiated in the third neek of June by a cyclonic 
-storm of moderate iutensit}'. It passed west-nortb-westwards from the head of the Bay to 
West Rajputana and Upper Sind. A second storm originated in llie north-west angle of 
the Bay while the first storm was rdling up. It marched across the Bengal coast by a 
curved path into the westem districts of the United Provinces and gave a general and 
heavy burst of rain to the Gangctic Plain. 

The Bay current held without .any general break throughout the remainder of June, 
and also during July and the first three weeks of Augu-t, but was even less steady than 
'usual. A large number of c)'clonic storms formed in the Bay during the period. These 
depressions ad\anccd in the same general direction across a broad belt of country at the 
head of the Peninsula, s-lretching from Orissa to Gujarat and Kathiawar, The indraught 
to the storms .affected the distribution of the rainfall in two respects. It diminished the 
rainfall in Bcng.al and the Gangctic Plain, and distributed it more largely and copiously in 
cyclonic downpours over the are.is traversed by the storms, including Orissa, the southern 
districts of ChoLi Nagpur, the Central Province^, Bcr.ir, the south-western districts of 
Central India, Rajputana, Gujarat and Kathiawar. 

The monsoon currents withdrew from Upper India in the fourth week of August, about 
a month, and from North-Eastern and Central India and the Central Provinces five to six 
weeks, earlier tli.an usu-al. This early retreat was accompanied by a considerable excess of 
pressure in Central India and tlie Dccc.an during the month of September, 

The rainfall of the monsoon period in 1896 was largely below the normal over the 
whole of Northern .and Ce1Ur.1I India, the deficiency being greatest in absolute amount in 
Bengal and relatively to the normal in the Punjab, Rajpuinna, Central India and the 
United Provinces. 

Th rctrealhi^ south'vcst monsoitt period.— The monsoan currents witlidrcw from 
'the whole of Northern and Cenlr.il India much earlier llian usual. Hence little or no 
rain was received over the whole of tlial area in October and the rainfall of ihc monlli (of 
great importance for the rice crops in these districls)was in more or less serious defect. 
Frequent light to moderate showers were received in Burma and Southern India. 

Burma .and Southern India also obtained frequent r.iin in the month of November, but 
little or no rain fell in Assam, Bengal and Orissa. A c3'clonic storm of moderate intensity 
■which formed in the Arabi.an Sea on the 15th and idtli, passed by a cun'cd path across the 
Kathiawar coast into the interior and gave a general moderate burst of rain to the United 
Provinces, Central India, Rajputana, Kathiawar and Gujarat— .areas which as a rule obtain 
■no rain in November, The rainfall of the month wms hence in marked excess in theseareas. 

The rains ceased in Burma at tlie end of November. Southern India obtained frequent 
heavy showers in December until the 24th, when fine dry weather set in, A depression of 
•an unusual cold-wc.athcr type formed in Kathiawrar and Gujarat on the afilh, passed north- 
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eastwards through Rajputana on the 27th and i8th and gave disturbed showery weather 
from the 27th to the 3 1 st in the Central Provinces^ Central India, Rajputana, the Punjab and 
the United Provinces. 

The rainfall of the period was in defect in all areas except South India, East Rajputana, 
Central India, and Gujarat where it was in slight excess. 

The chief features of the meteorology of the year 1896 were as follows 

(1) The weather was less disturbed and drier than usual in the cold season, The 

rainfall in Upper India was hence below the normal and the snowfall in the 
Western Himalayas much less than usual except perhaps on the higher 
ranges. The period was unusually dry in North-Eastern India where practi- 
cally no rain fell. 

(2) The hot-weather was characterized by higher temperature and greater dryness ■ 

of the air than usual. May was remarkably hot and dry, and hot-weather 
conditions were conrinued until nearly the end of June in Upper India. Assam 
and North Bengal obtained somewhat larger amounts of rain than usual 
from thunderstorms, but elsewhere the rainfall was scanty and the whole 
season remarkably dry. 

{3) The monsoon rains commenced considerably later than usual and very feebly on 
the West Coast, and about the normal date in Bengal. Both currents were 
not so strong as usual. I'he Bombay current was fairly steady in July and 
August. The Bengal current was very unsteady and a series of cyclonic 
storms formed in the north of the Bay and passed across India by much 
more southerly tracks than usual, thus diminishing the rainfall in North-East 
India and giving heavy rain to districts at the head of the Peninsula. The 
season was remarkable for the abnormally early withdrawal of the monsoon 
currents and termination of theraini over the whole of Northern and Central 
India. The rainfall was throughout ver)' deficient in the United Provinces 
over d large portion of which area the crops failed almost entirely, and the 
early termination of the rains prevented the crops from coming to maturity 
in the Central Provinces, Berar and Central India, which areas had received 
favourable rain during the months of July and August. 

(4) The greater part of Madras received moderate rain from the retreating south- 
west monsoon. The chief features of that period were two cyclonic storms 
which gave late and abnormal rain to North Bombay and the Central Prov- 
inces, Berar and Central India ; these were too late in the season to be of 
agricultural value for sowing the cold-weather crops in areas where the land 
had been parched by the heat and dryness of September and October. 

1897. The cold-'aeather ^emif.^Weather was less disturbed than usual throughout 
the season. One cold-weather storm of moderate Intensity crossed Northern India on the 
1 4th and 1 5th of January and filled up in Bengal on the 1 6th. A secondary depression gave 
stormy weather in the Punjab, more especially in the hill districts,^ on the 14th and J5th, 
Heavy snow fell in the Punjab and Kashmir Himalayas, and moderate snow In the Afghan 
andBaluch mountain districts. The cool wave following the storm was of marked 
intensity. 

Two cold-weather storms affected the weather in Northern India in February. The 
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first originated in Upper Sind and the South-West 'Punjab on the loth and 1 ith and drifted 
eastwards to the foot of the Simla hills. It gave general and heavy snow in the Kashmir 
and Punjab Himalayas on the isth and 13th, and moderately heavy and genera) rain in the 
north-west and submontane districts of the Punjab. The second storm was initiated in 
Persia. It advanced across Baluchistan and Northern India between the 22nd and a6th and 
gave rise to a deep secondary depression in the Punjab. The storm gave moderate snow 
in the Western Himalayas* and numerous thundershowers in the Punjab. 

The snowfall of the period was practically normal in Baluchistan and Afghanistan, and 
heavier than usual in the Kashmir and Punjab Himalayas, and was especially heavy in 
North Kashmir. The precipitation of the period was below the normal generally in North- 
ern and Central India, the deficiency increasing, both absolutely and relatively to the 
normal, from the South-East Punjab to Bengal. 

The hol-zBcafkcr ^rrrW.— Weather was more disturbed than usual in Northern India 
in March, due to the advance of several depressions of the cold-weather type across Northern 
India. Kashmir and the Punjab hill districts received frequent and heavy sno^ during the 
month, and the Punjab, more especially the northern districts, moderate rain. One of the 
storms gave rise to an unusually general and hea^■y burst of rain in North-Eastijm India. 

April >vas cooler and more disturbed than usual, more especially in Upper India. The 
Punjab and Kashmir Himalayas, Baluchistan and the North Punjab hence received some- 
wlial larger rainfall than usual, Weather was, on the other hand, finer and drier in North- 
Eastern India, and ihe rainfall was in largish defect in the areas wliicli usually receive 
moderate to heavy rain from thunderstorms, vis., Assam, North and East Bengal. 

Shy was etho ' airier rtlrair usmr^ over msiny thi wiVofe <jf I’infik. jSbrina 0 dfainerf 
moderate rain in May and North Bengal and Assam received more frequent thundershowers - 
than usual during the month. 

T/ie souih-wsi moftmn period .— rainfall of the period was on the wfiole slightly 
larger in amount than usual, and was verj- favourably distributed over the greater part of 
Indi.i. The monsoon currents were below their normal strength in June and July, and 
were practically of normal strength in August and September ; the rainfall of these two 
months was unusually welt distributed and favourable for llie crops. The monstjon currents 
withdrew from Upper -India in the fourth week of September which is nearly a fortnight 
after their normal dale. 

The burst of ho-ixy continuous rain which initiates the .«ciuth-wcst monsoon pfoper on the 
\Vest coast of India occurred somewhat later than usual in the second iveck of June. The 
humid current advanced rapidly into the Interior and gave a general and heavy burst of rain 
in Berar, the Central ProvinfCs, Central India, Rajputama, and the East Punj^ij from the 
i3lh to the 24lh of June. 

The B.ay current was cshiblislied in Bengal about tl)enorm.al date and, as usua^ accom- 
panied the adviince of a cyclonic storm, which formed in the north-west of the I^ay, crossed 
the Orissa Coast on the lytli and marched to Dundclkhand on the t9th. The monsoon 
currents withdrew gradually from Northern and Central India in the last week of June and 
an almost complete break in the rains obtained over that area until the 7lh qf July when 
heavy monsoon rain recommenced in the coast districts and rapidly extended into the 
interior. A second and short break in the rains, somewliat less pronounced than the 
previous, held from the 25tli to the sQlh of July. . 
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The rains continued with remarkable steadiness during the months of August and' 
September, and gave frequent and moderate rain to nearly the whole of India. , 

The rainfall of the period was practically normal in amount over the Indian area. It 
was below the normal during the first two months and above it in August and September , 
(the rainfall during which period is of greater importance for the growth and ripening of the 
crops than that of the earlier monsoon months). The season was hence remarkahly favour- 
able from the agricultural standpoint, and brought the famine of 1896-97 to a complete close. 

The nireatwg sotUh-msi mmmn period . — The south-nest monsoon currents with- 
drew from Upper India and the western half of the Gangetic Plain in the fourth week of 
September, and from Bihar, Bengal and the Deccan in the third or fourth week of October. 
The Bay current was neaker than usual in October and No\emberand was chiefly determined* 
by the pressure conditions to the east of the Bay, Tenasserim and Lower Burma. A stornv 
of moderate intensity formed off the Circars coast on the ist of Octoberand marching by a 
Curved path passed into Bihar on the 5th, It occasioned heavy rain over North Madras and. 
North Eastern India, A small cyclone of great intensity passed northwards from the neigh- 
bourhood of the Andamans to the Chittagong Coast and gave very heavy rain in the Cbitta- , 
gong district and South Lushai Hills on the 24th October. A diffused cyclonic disturbance 
advanced westwards across the centre of the Bay to the Madras coast in the third and 
fourth weeks of November and was followed by light to moderate general rain over the 
centre and south of tl e Peninsula from the a5th to the end of the month. Finally, a. 
cyclonic storm of moderate intensity formed in the centre of the Bay on the 24th Decem- 
ber and advanced northwards to Lat. i6“N and Long. 86®E, where it filled up without 
reaching land. It gave cloudy weather, but little rain, in the coast districts of the 
Bay. 

The pressure conditions in Burma, North-Eastern India, the Peninsula and the Bay 
were throughout unfavourable to the determination of the retreating south-west monsoon 
current in the Bay towards the Madras coast, and the chief feature of the season was the- 
very scanty and deficient rainfall over nearly the whole of the Madras Presidency and Mysore.' 
North-east winds prevailed with unusual steadiness in November and December in the 
north and west of the Bay. They were much stronger than usual in the south-west of the 
Bay, and gave occasional light to moderate showers in a narrow belt of the Soutli Madras 
or Coromandel coast districts. 

A feeble cold-weather storm affected Upper India in the second week of December. 

It gave light to moderate ram in Baluchistan and the Punjab, and moderate to heavy snow- 
in the Kashmir and Punjab Himalayas. 

The rains ceased in Burma during the fourth week of November. Southern India 
obtained frequent heavy local thundershowers from the 14th to the aotli December when 
fine dry weather set in. 

The rainfall of the season was favourable in Burma and South Madras, although it. 
was below the normal to a moderate extent. It was very scanty in other districts, more 
especially in the Deccan area which usually obtains moderate rain in this period. 

The following is a brief statement of the meteorological features of the year 1897 — 

(.) wither ras liner and on the wMe less dislntbed than nsnnlm the plains o£ 

Norfhen. India and thn rtdnfell oi the period was scnntj aid largely below the 
normal. 
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(2) As occasionally happens after a dry cold season, weather was more disturbed' 

and more showery and cooler than usual in Northern India in March and 
April. May was abnormally dry and hot and the rainfall of the period was. 
more or less in defect over the greater part of Northern India. 

(3) The monsoon currents were later than usual in being established and were also 

below thdr normal strength in June and July. Both currents were strong 
and steady in August and September and the rainfall of the period was- 
■ satisfactory and well distributed. 

(4) The Bay current was feebler than usual in October and November, and was at 

first more largely determined than usual to Burma and afterwards to- 
Southern India. These areas hence received. on the whole favourable rain. 
The precipitation was, on the other hand, very deficient in the interior of 

. the Peninsula, more especially the Deccan districts. 

(5) The famine of 1896.5 was terminated by the favourable rainfall of the year 1897 

and the crops were on the whole most abundant in the districts which had 
suffered most severely from drought in the previous year, more especially 
the Uiuted Provinces. 

1898. The cold-weaiher period .-— the period was very abnormal in its- 
faccurrence and distribution. It was scanty and in large defect, relatively to the normal, over 
nearly the whole of India in January. Two cold-weather storms of moderate intensity 
affected the weather in Northern India in that month ; the precipitation due to these storms 
occurred chiefly in the Punjab and Kashmir. 

The chief feature of the month of February was the occurrence of general rain over 
practically the whole of India from the 9th to the i8th. This was due to a succession of 
depressions which originated in India. The most important formed much further south 
than usual, in Kathiawar, Gujarat and South-West Rajputana on the 8th and 9th. The 
general disturbance due to the series of depressions extended over the whole of India and 
the burst of rain was more general and widely spread than any which has occurred in 
February during the previous 20 years. 

The snowfall of the period was probably considerably below the normal over the 
whole of the Western Himalayan area. The rainfall of the period was normal in Bihar and 
Assam and in slight to considerable defect in Bengal, Orissa and Chota Nagpur, It was, 
on the other band, in considerable excess in the United Provinces, Central India, Rajpu- 
tana and the Punjab (due to the heavy rainfall of the month of February) and in very large 
excess over the whole of the Peninsula, excepting Berar and Mysore, where it was in slight 
defect. 

■The hot-nseaiher period.^ March was much drier than usual in the plains of Northern 
India,' A series of five depressions of the cold-weather type crossed Northern India, but 
gave no rain except ;n Baluchistan, the North Punjab and Kashmir. Moderate to heavy 
snow was received during these disturbances in Chitral,the Afghan mountains and the higher 
Kashmir ranges. April was abnormally dry and hot and its rainfall very scanty in Extra- 
Tropical India. Bengal and Assam had series of thunderstorms on the 12th and 13th and 
the 17th, i8th and 19th, and Southem India and the West coast from the 2Sth to the s8th. 
The rainfall of the month was in large and serious defect in the Assam Valley, Cachar and. 
parts of North Bengal, thus affecting the early tea crop in these areas very prejudicially. 
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important features of meteorology of southern ASIA, 

Mav vas also drier than usual and the rainfall more or less below the normal over 
nearly the whole of India but more especially in North-Eastern India, where^ it was largely 
5 n defect Burma, on the other hand, bad more frequent and abundant ram than usual 
This pre-monsoon burst of rain in Burma was initiated by a cyclonic storm which advanced 
from the Bay across the Arakan coast in the second week of the month. 

The rainfall of the hot weather was thus in large and serious defect in North-Eastern 
India more especially in the hill districts of Assam and Bengal. 

The sottthmdnmmn ^erWi^.-The rainfall of the period was slightly above the 
normal on the mean of the whole of India, and was also favourably distributed in time 
except in the Punjab, Rajputana, Central India and the Central Provinces, where the rains 
terminated earlier than usual. The monsoon currents were slightly below their mean 
strength in ]une, but were strong In July, when favourable pressure and other conditions 

determined them to their extreme limits in Upper India. 

The burst of heavy rain which initiates the monsoon In the West coast districts com- 
menced slightly later than usual, vis., on the 9th and 10th June. 

The Bay current was established over the north of thfe Bay and in Bengal about the 
normal date. A storm formed in the north-west of the Bay in front of the advancing cur- 
rent, and the first burst of heavy general rain in North-Eastern India accompanied the 
advance of this storm. 

The monsoon current on the West coast fell off rapidly on the 17th and 18th of June 
and a short break in the rains commenced in Upper India on the 19th, It extended to the 
Gangetic Plain, Central India and the Deccan on the si stand to Bengal on the '25 th. 
Rain recommenced on the 29th and was fairly general on the 30th. 

The currents were fairly steady in July and the greater part of India received abundant 
and favourable rain. The Bombay current was weak m August, and those areas which 
are chiefly dependent upon it, including the Punjab, the Deccan, the West coast districts, 
Berar and Rajputana, received less rain than usual, whilst the districts in the field of the 
Bay current obtained heavier and more frequent rain than usual. The Bombay current 
was very feeble in September and the rainfall of the month was more or less in defect in 
North-Western and Central India and the North Deccan, i.e., in the Punjab, Rajputana 
Central India, North Bombay, Berar and the Central Provinces. It gave on the other hand 
unususd and favourable rain to the Central and South Deccan and Southern India. 
The Bay current in September gave satisfactory rain to North-Eastern India, The rainfall 
of the month was in excess and on the whole favourably distributed over the remainder 
of India. The excess was most pronounced in the Deccan and Southern India, and the 
deficiency in the Punjab and Rajputana. 

On the mean of ibe whole monsoon period the rain was in moderate excess in 
North-Eastern India, normal in the Peninsula and more or less in defect in North-Western 
India. 

The nireatkg mth-vest rnonmn The monsoon currents withdrew 

from Upper India in the third week of September and from Bengal, Burma and the Deccan 
in the third or fourth week of October, This change was accompanied by a larger increase 
of pressure than usual over the whole of Northern and Central India and Burma, ^ence 
the humid south-west current in the Bay was chiefly determined during the remkder of 
the period to the south-west of the Bay, the Coromandel coast districts and South India. 
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The chief feature of the whole period was the absence of severe cyclonic storms in 
the Ray, A small cyclone of moderate intensity passed west-nortli-westwards in the 
second week of October from the centre of the Bay to the Circars coast, where it recurved 
and passed aloug the eastern (lank of the East Ghats through Ganjam and Orissa into 
Soulh.Wcst and Central IJciignl, and filled up In North Bengal on the i6th October. A 
cyclonic storm of moderate intensity advanced from the centre of the Bay to the Madras 
coast in the first week of November, and was followed by light to moderate general rain 
over the centre and south of the Peninsula from the sth to the t6th of the month. Finally, 
a diffused cyclonic disturbance formed in the south of the Bay on the a7lh December, and 
adranced westwards across North Ceylon and the southern districts of Madras. It gave a 
heavy burst of rain in Soutli Madras and Ceylon. Fine and unusually dry weather held 
steadily in Norih-Wcstcm and Central India during the season until the last week of 
December, when a cold*wealhcr storm gave moderate to heavy snow in the hill districts in 
Upper India. 

The rainfall during the retreating south-west monsoon period was abundant and 
favouranlc over the greater part of the Madras Presidency and the excess was large in 
amount in the coast dbtricts from Nellore southwards. It was, on the other hand, vtxy 
scanty nver the whole oi North* Eastern and Central India and the North Deccan which 
usually receive moderate rain in the first-half of the period. Over the greater part of that 
area the total rainfall of the period was less than 20 per cent, of the normal. 

The following gives a brief statement of the most nromincnl and important features 
of the meteorology of the year tSjjS in India : - 

(0 The weather in India was more disturbed than usual in the cold season, The 
disturbances were of a veiy unusual type, and the .accompanying rainfall very 
.abnormal in distribution, rtic greitef part of the Peninsula, North- 
Western and Central India received abnormally heavy rain .and some 
districts of the Peninsula from five to ten times the no/mal fall of the period 
The rainfall in Nort[I-E,^ste'n India was, on the other hand, considerably 
below the normal and the snowfall in the Western Himalayas very deficient. 

(2I Weather was very disturbed In March in Upper India and the adjacent mountain 
districts, M<arch nnd April were unusually cool months. May, on the 
other hand, was verv hot and dry. The chief feature of the season was the 
scanty spring and liot-weatlier rainfall in Assam and Bengal due to the 
comparative ahsetirc of thunderstorms. 

(3) The monsoon mins commenced slightly later than usual on the Bombay coast 

and on the norma! dale and in the usual manner in Bengal. The Bombay 
current was steady but somewhat weaker than usual, more especially in the 
latter half of the period, nnd hence the rainfall in the interior districts includ- 
ing tin; Punjab, Rajputann, Central India .and Bcrar was more or less in 
defect and tlie rains terminated earlier than usual. The Bay current, on 
the other liand, gave favourable and satisfactory min over nearly the whole 
of Norilnrn India nnd Burma; it willidrew about the normal date from 
Bengal, but earlier than usual (rom Burm.a. 

(4) The rainfall due to the retreating monsoon in the Bay occurred chiefly in the 

southern half of the Peninsula, where it was in slight to moderate excess. 
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It on the other hand, scanty and deficient In the North Deccan area . 

and Central Madras. 

,800 The oold-mather ^erjW.-Januaiy -was unusually free from cold^-eather 
storms in Northern India. The chief features of the weather of die month in India 
generally were abnormal drpess of the air, small amount of cloud and scanty rainfall, 
Temperiure «as on the mean of the month considerably lower than usual in Nortlisrn and 
Central India, the Central Provinces, Berarand the North Deccan, the deficiency 'being 
slightly more marked in the night than the day temperature. These rbnormal features of 
the month were apparently due to a steady persistent large excess of pressure in the 
Persim area and a strong outllow of cold dry air from that area to the Indian region, and 
probably related to general conditions in South-East Europe and Central Asia. 

There were in all six disturbances or cold-weather storms during the month of Fcbniaiy, 

A larger number than usual. They were, lionever, very feeble and gave much less ram, 
"both m amount and extent, than usually accomp.inies these storms, , 

The first disturbance gave rain only to Baluchistan and the Punjab, tlie second and 
third to Northern India generally, the fourth to Baluchistan, the Punjab and Assam, and the 
sixth to Bengal and Assam only. The rainfall of the month was smaller than usualin 
amount In the areas of rainfall. '' 

The precipitation of the cold-weather period was above the normal m Bihar, Bengal, 
Assam and South Madras and in defect m all other districts. The deficiency Was lai^in 
North-Western and Central India. . 

The tiol-vieatlie)'pemd—\\'Gi.[\\cr was less disturbed and much drier than usualiti 
March over Northern India. I hree disturbances of the cold-weather type formed in Persia ' 
during the month, but decreased in intensity and importance as they advanced eastwards 
and Influenced weather very slightly in Upper India. ’ 


April was more disturbed than usual over the whole of India. A succession of ho 
weather depressions formed in Sind and pissed eastwards across Upper Indiai Eai 
depres'^ion during its advance gaie senes of duststorms in the plains and lower lull rangi 
and snowstorms in the higher ranges of the Kashmir and Punjab Himalayas! 

The most abnormal feature of the month was an unusually prolonged and excessii 
burst of rain (accompanying thunderstorms) between the loth and 24th in the Peninsu 
and North-Eastern India. The rainfall of the month was hence in excess over the great 
part of India and the excess was abnormally large in the southern half of the Peninsula. 

May was less disturbed than usual and temperature was steadily in excess dunr 
t e month in North-Western India, The advent of the monsoon was delayed in tl 
sout em half of the Peninsula and the rainfall of the month was hence considerably be!c 
e norma m that area, A small cyclonic storm advanced into Burma in the first week 
followed by the prevalence of humid winds winch gave excessive ra 
Th Assam also received frequent rain from local thunderstorms. , 

■of North-W^ ^ ^ hot-weather period was more or less in defect over nearly the who 

and in ^hota Nagpur, North and Central Bengal and Cacb 

The mast narked 

The deliciencv e ^Rdras where it varied between 68 and 8o per co 

relv half their normal amount. < 
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7 ho aouih'Xtisf ferhH, — Tlie soutli-ivest monsoon current was established In 

-the Arabian Sea slightly later than usual. It began to give heavy rain on the Konkan coast 
on I he loth and i uh June, and was of moderate strength until the 02nd, when it fell oft 
considerably and withdrew from ihe central parts of the country. The north of tl;e Penin* 
sula, Central India and Rajputnna received general liglit rain from the 12th W the 14th, 

The Bay current was c^tablislicd at the head of the Bay on the 1 itli and 12th of June, 
and advanced rapidly up the Gangetic Plain as far as the central districts of the United Pro- 
vinces on the 13111 nnd 14th. A further advance into the western districts of the United 
Provinces, North-East Raj putana and the East Punjab occurred on the 2ist, These' 
-districts received favourable rain during the remainder of the month. 

The Arabian Sea current was .abnormally feeble during the remainder of the season 
and gave no general heavy rain over the area usually dependent upon it. The northern 
districts including Sind, Eail and Central Rajpulana, the western states of Central India, 
Cutch. Kaiiiiawar and Gujarat received practically no rain in July, August and. September, 
The Konknn coast districts had occasional light to moderate rain, and Bcraf, the Deccan 
and Central Pro\inccs liglit showers. Tills current hence failed .almost entirely as a rain- 
giving current over the greater part of its field in India during these three months. 

The Bengal current was slightly stronger than usual in July and practically of normal 
strength in August and September. It was determined more largely than usual towards 
Burma and North-Eastern India, more especially lo Bihar and the. United Provinces in 
juty, and to Bengal, A 4 *:nm and Burma in August and September. These provinces all re- 
ceived favourable rain. The rains ceased considerably earlier than usual (in the latter part 
of August) in the East Punjab and the western districts of the United Provinces. 

The rainfall of the perlwl was normal in amount (.and also very favourably distributed 
in every respect) in Burma. It was in slight to considerable excess in Assam, Bengal, 
and Biltar. It was, on the other bind, in very serious defect over ne irly the whole of 
the PeninsuU and N'orth-Wcjtem India, the deficiency ranging between averages of 40 
per cent, and 77 per cent, in the Punjab, Rajpui.ina, Central India, Bcrar, the Central 
Provinces nnd*Bombay. The drought w.is so severe that, except in irrigated districts of the 
arCiis afiecicd, the crops failed entirely ami it was neccssar)’ to give famine relief rlurlng the 
next twebc or eighteen months to a large p;irt of the population of the Soutli-East Punjab, 
Rajpulana, Central India, Hcrar, (he Central Provinces, Cuicli, Kathiawar and Gujarat. 

The iautlf'xtit mwjiojh The south-west monsoon currents in the 

B.ay withdrew eailier than iisiinl from the Bay area. In the first week of October weather 
was showery in Burma and Soulhcrn India and fine .md dry elsewhere, There were two 
periods of stonily neatlier in tlie Bay during October. The first disturbance developed 
into a cyclonic storm of moderate intensity and advanced northwards into Orissa and 
Bengal to which it gave a heavy downpour ol rain 'rom the 14th to the 16th. The Madras 
coast districts received (rcriuent tnodcr.'Ue r.ain from the 19th to the 3>st. The second 
disturbance of the month in the Bay was diffused in cliar.tt'icr. It gave a moderate burst 
of rain to Bengal, Orissa and Assam from the 271I1 to the aptli, 

A dhtiirbaiicc in the Bay in the -ccotid week of November gave moderate to heavy 
rain in Southern IwHa from the leth loi4tli. With this exception the month wasun- 
UBiiallydry in the Peninsula Several shallow depressions advanced into Upper India 
Jrom Baluchistiin. They gave cloud and light rain or snow in the Upper India Hills. 
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A feeble disturbance gave rain to Ceylon and the coast districts of Southern India 
from the loth to the 13th or 14th December. This was the last rainfall received from the 
retreating south-viest monsoon in Southern India. 

Several depressions advanced from Persia and Baluchistan into Upper India in De* 
cember. They were all of little impottance except the last of the series. This formed over 
South Persia and the Persian Gulf on the 27th, passed through Baluchistan on the 28th 
and across Upper India on the 29th and 30th. It gave some rain in the Punjab plains and 
a moderately heavy fall of snow in the Punjab and Kashmir Himalayas. 

The chief feature of the period was the scanty rainfall over the greater part of the 
Peninsula. This was due in October to a determination of the storms of the period to . 
Bengal, and in November to the early withdrawal of the monsoon currents to tlie extreme 
south and south-west of the Bay and Southern India* The rains of the retreating south- 
west monsoon hence failed almost completely over the greater part of the Peninsula 
including Betar, the Central Provinces, Hyderabad and the Bombay and Madras 
Deccan— thus intensifying the drought which had prevailed in these areas during the 
previous three months. 

Bengal and Burma, on the other hand, received favourable rain and the season in 
Upper Burma was the most favourable since its conquest. Southern India (chiefly the 
coast districts) obtained moderately abundant rain. Over nearly the whole of the interior 
of India, including North-Western and Central India and the North Deccan, the period 
was remarkably dry, skies exceptionally free from cloud and rainfall tiil. 

The Momg gives & brief siatement ol the chief features of the meteordr^y of the 
year 

(1) The cold-weather precipitation was more or less considerably below, the normal 

over India (excepting North-Eastern India) and the plateau area of Baluchis- 
tan, Afghanistan and Iran. The period was throughout rainless in Rajputana 
and Sind. 

(2) Weather was drier and hotter than usual in March and May but was ve7 

disturbed in April, more especially in the Peninsula which received a heavy 
burst of rain from thunderstorms between the loih and 24.th. The rainfall 
of the whole season was more or less in defect over North-Western and 
Central India and parts of Bengal and in excess in the remainder of the 
country, due chiefly to the lieavy rainfall of April. 

{3) The monsoon currents advanced about the usual time into India and gave abun- 
dant rain to the whole of Northern and Central India during the second 
half of that month. The current in the Arabian sea then decreased in in- 
tensity and was remarkably feeble during the remainder of the season. It 
gave practically no rain to the northern half of its field, including Katb'awar, 
Gujarat. West Kajputana, West Central India, Berar. Khandesh and the 
West Central Provinces and only light to moderate tain of little agricultural 
value in the Deccan. The Bay current was vigorous in June and July hot 
gradually fell off in August and was below its normal strength in September. 
The rainfall due to it was on the average of the period in excess over Burma ‘ 
and North-Eastern India, and in defect in the western half of the Ganeetic 

Plain « 
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(4) The retreating monsoon current in the Bay was weaker than usual and was 
determined in October chiefly to Burma and Bengal. The season in Upper 
Burma was the most favourable since its conquest. The rains of the retreat- 
ing monsoon failed almost completely over the greater part of the 
Peninsula, thus intensifying the drought which had obtained in these areas 
during the previous three months. 

1900. The ceid-weatliff Weather was less disturbed and drier than usual in 

January. It was, on the other hand, unsettled in February in North-Western India due to 
Ihe advance of a series of feeble cold-weather depressions across Baluchistan and Northern 
India daring the month. The precipitation of the month was generally below the normal 
over the plains of Northern India, , 

The snowfall of the period was less than usual in Baluchistan, Afghanistan and the 
West Himalayas. The rainfall of the period was scanty in North-Western and Central 
'India, but was above the norma! in the eastern and central districts of the Central Pro- 
-vinces, Bihar and Chota Nagpur, which received thundershowers from two disturbances in 
Northern India during the last fortnight of January. 

The hoi’Vieather /enorf.— The rainfall of March was largely in defect over nearly the 
■whole of India. Three depressions, the first and the second originating in the Persian area, 
crossed Northern India during the month. They gave no rain except in Baluchistan, 
Kashmir, the Punjab hills and the North Punjab, which received moderate showers during 
their advance across North-Western India. North and East Bengal and Assam had 
moderate rain during two periods of thunderstorms. Over a large part of India, including 
the Gangetic Plain, Chota Nagpur, Rajputana, Western and Southern India, the rainfall 
was absolutely or practically ml. 

, April was more disturbed than usual over the whole of India. A succession of four 
depressions formed in Baluchistan or Sind and passed eastwards across North-West India. 
The advance of each depression was accompanied u'ith series of duststorms in the plains 
and thunderstorms in the lower ranges and snowstorms in the higher ranges of the 
Kashmir and Punjab Himalayas, The third depression gave a late and heavy fall of snow 
down to comparatively low elevations. The snowfall of the month in the Western Hima- 
layas was hence considerably larger than usual. The rainfall of the month was in consi- 
derable defect in Burma and normal in Bengal. It was in excess over nearly the whole of 
the remainder of the area, more especially in North-Western and South India. The most 
important feature of the precipitation was the late and heavy snowfall in the Western 
Himalayas. Anoteworthy feature of the month was the severity of the hailstorms and 
thunderstorms which occurred in Assam. The most remarkable storm occurred in the 
Goalpara district on the 1 8th. This storm or tornado extended over a narrow belt, not 
more than half a mile in width and 30 or 40 miles in length. It destroyed everything mver 
•which it passed, injuring or killing a large number of people. 

May was hotter than usual, A cyclonic storm passed into Lower Burma from the Bay 
on the sth and was followed by moderate rain during the next two days. Frequent thunder- 
storms occurred in Bengal and Assam during the second and third weeks of the month. 
The rainfall of the month of May was considerably below the normal over by far the 
'greater part of the country. It was more or less considerably in defect over the Peninsula 
and in slight to moderate defect over the greater part of Burma and North-Eastern India, 
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The rainfall of the period was more or less above the normal in Afsam, the United 
Provinces hills, the South-East, North and West Punjab, l?ajputana and Madras and' 
normal or in defect elsewhere. The deficiency was largest, relatively to the normal, in 
Arakan, Berar, the Konkan and Khandesh. < 

The sonth-neU monmn penod.‘~'’lh& south-nest monsoon current was established' 
in the Arabian Sea later than usual and was considerably below its normal strength until 
nearly the end of July. It began to give heavy rain on the Malabar Coast from the 12th 
June and nas strong until the soih, when it fell off considerably in intensity. The current 
strengthened again on the 24th and advanced northwards up the Konkan Coast as far as 
Bombay, The rainfall also extended during the period into the interior of the peninsula 
and the Central Provinces. Practically no rain fell in Jnnq over the large area comprising 
fiujarat, Kathiawar, Central India, West Rajputana, Sind and the South and West Punjab. 

The Bengal current was established at the head of the Bay on the loth and lUh 
June and advanced up the Gangedc Plain as far as Biliar during the next five days. A 
further advance which occurred in the last week of the month carried the rains over the 
greater part of the Gangetic Plain and the East Punjab. 

The Bombay current was weak during the first ten days -of July. U increased on the 
I uh and advanced in moderate strength between the nth and i6th over a considerable part 
of North-Western India. A second partial break occurred from the 19th to the 26th followed 
by a strong and fairly steady advance up to the limits of its extension in the Punjab. 
The current was, during the next two months, stronger than usual and gave general and 
heavy rain over the whole of North-Western and Central India and the North Deccan. ' 
The Bay cutieut was of normal strength m July, but was diverted more largely than 
usual to North-Eastern India. During the months of August and September, when the 
Bombay current was strong, the Bay current was diverted to some extent from Assam and 

North and East Bengal and more largely determined than usual to the Gangetic Plain 
and Central India. 


On the mean of the period the rainfall was practically normal in the Indian area and 
on the whole favourably distributed for agricultural operations, and terminated the opera- 

tions for famine relief over the greater part of the country seriously affected by drought in 
the previous year. ^ ° 
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Baluchistan on the 21st and across Upper India on the 23rd and 34th. It gav^ some tain 
in the Punjab plains and a moderatelj heavy fail of snow m the Punjab and Kashmir 
Himalayas. 

The chief features of the whole period were the scanty rainfall over the greater part of 
the Pemnsula and Lower Burma and the abnormally early withdrawal of the monsoon cur- 
rent from the Bay area in the last week of October six weeks earlier than usual. The rain- 
fall was espe dally deficient in the Madras coast districts and Southern India. 

The following summarizes the chief features of the meteorology of the ye^r 

(1) Weather was finer and drier than usual during the cold-weather and the precipi- 

tation was more or less below the normal over the greater part of Northern 
India, more especially Rajputana and Sind, which obtained less than 5 per 
cent, of their normal fall, 

(2) March was drier than usual. April and the first fortnight of May tvere, on the 

other hand, disturbed and the precipitation was largely in excess over the 
Indian area except Burma. The chief feature of the period was ^ moderate 
and late general fall of snow in the Western Himalayas in Aprils in conse- 
quence of which the snow accumulation was somewhat above tho normal at 
the end of May. Weather was very hot and dry in the latter half of jVlay. 

(3) The Bay current was strong throughout and ^ave abundant rain chiefly to 

Burma and North-East India until the end of July, and to the Ganggtic Plain 
and Upper India in August and September. The Arabian Sea current was 
at first weak and extended very slowly into Upper India but was unusually 
steady throughout August and September and gave abundant rain. The 
rainfall of the period was hence on the whole favourable for the Staple crops 
and well-distributed, more especially in the Punjab, Rajputana, the Central 
Provinces, the Deccan, North-Eastern India and Burma. 

(4) The monsoon currents retreated from North-Western India somewhat later than 

usual and a month to six weeks earlier than usual from the Deccan, The- 
Bay current was feeble and withdrew from that area about six w^eks before- 
the normal date. The rainfall of the period was scanty and in l^rge defect 
over the Peninsula (more especially the Deccan area) and in <:onsiderabIe 
defect in Burma and North-Ea'tern India. 

1901.— cold-weather feriod . — Weather was finer and more settled than usual 
throughout the period in the Persian area, and the number of cold-weather depressions 
which entered India from that region was much below the normal. On the other hand, 
there was a marked tendency to the formation of shallow depressions in Kathiarvar, Gujarat 
and the adjacent parts of the Arabian Sea. These disturbances advanced ea^t^va^ds and 
gave moderate rain, chiefly accompanying thunderstorms. Three well-defined depres- 
sions affected the weather in January, of which two formed m Kathiawar and tfie adjacent 
land and sea areas. Four depressions crossed Northern India in February, three of which 
formed in North Bombay. 

The distribution of the precipitation of the period was hence very unusual. The total 
rainfall of the period was In marked defect in Persia, Afghanistan and Baluchistan and 
also in Assam and East Bengal. On the other hand, it was in moderate to large 
excess over Burma, the greater part of North-Eastern and Central India and the Peninsula. 
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generally, districts in the latter are^ receiving as much as five to fifteen times ibe 
small normal fall of the period. 

Tk hot^ealher ^erwrf.— March was more disturbed than ustial. A series of five 
depressions advanced across Northern Ind'a during the month, of which four .were 
defined and formed m North Bombay. Th$ first storm gave a heavy fall of snow over the 
Western Ht{nalayas and moderate ram in iJpper and Central India during the first week 
of the month. The fourth storm gave raoderaiely heavy snow from the aglb to the 31st 
in the Western Himalayas and moderate rain m the Punjab. The rainfall of the month 
was in slight excess in North-Western India, mid in moderate to large delect in Nortb- 
^.asteTn 'inina \inore espediiJlry 'Si , 

April was drier than usual over nearly the whole of Northern India and in Burma. 
The rainfall of the month was scanty and below the small normal of the month ihroughottt 
the country except locally in Bombay, the Central Provinces and parts of Bengal and 
Assam The only important feature of the month was a cyclonic storm which formed 
unusually early 111 the season in the extreme south of the Arabian Sea, Its existence was 
first shown on the 54.111 of the month. It advanced in a general northerly direction to the 
head of the Arabian Sea, crossed the Mekran coast on the 3rd of May and broke up over 
the Baluchistan and Afghanistan hills, to some parts of which it gave a deluge of tain, fails 
ranging from 3 to 1 1 inches in 24 hours oociirring at a Urge number of stations in the 
Punjab frontier districts and Baluchistan. This rainfall was phenomenal in its amount 
and cliaracter, occurring as it did in the driest area in India, where the mean normal rainfall 
of May ranges between a tenth of an inch and three inches. The conseguent floods 
swept away the cold-weather crops in process of being harvested from many of the 
valleys m the frontier districts. Weather was much less disturbed than usual during the 
remainder of the month, and the rainfall of the month was hence in general defect 
over the whole Indian area, except the districts directly affected by the cyclonic 

storm of the first week of May, i.e., the Indus Valley districts. East Baluchistan and 
Afghanistan, 


The rainfall of the hot ivcdther period was more or less In defect over nearly the who 
Jndian area. The defect was most marked, on the whole, in Assam and Arakan. Ti 
■precipitation of the period was more or less above the normal in Baluchistan, .Afghanisti 

iud the frontier districts oi the Punjab, due mainly to the cyclonic rainfall of tlie first we' 
of May. 
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remainder of tlie field of the Arabian Sea current. The deficiency was large and serious 
In IChandesh, Rajpiitana, Gujarnt, Kathiawar, Catch and Lower Sind ; moderate In the 
Central Provinces; and slight 10 moderate in the interior of the f'enlnsula. The rainfall of 
the period was favourable over the greater part of North-East India and 'in Burma. 

Tkt relteafing sciiih-^tU vmsm ^^rlW.--Wcather was more disturbed than 
usual in the Bay during the monihs of October and November and a series of four storms 
formed m that area. One of the two storms which were initiated in October advanced 
westwards to Kathiawar. The two storms which formed in the second half of November 
followed a very nnusun! course passing north into Bengal, so that North-East India and 
Burma obtained heavy and untimely rain during this period. In the south of the Peninsula 
the rainfall was on the whole practically normal. 

The total rainfall was practically nil in North-Western and Central India and in 
North Bombay and was more or less below the normal over the north and centre of the 
Peninsula, the percemage deficiency being greatest in the noriliern districts. The 
T.itnfall oh the period was, on the other hand, in moderate excess in Burma, Assam 
and East Bengal. 

The following gives a summary of the more imporiant features of the rainfall distribu- 
tion of the year 

(1) The cold-wcnthcr season was drier than usual In Persia, Baluchistan and 
North Bombay. The precipiiaiion of the period was, on the other hand, 
above the normal in the plain and hiil districts of the Gangctic Plain, 
and in Central India .and the North Deccan, 

(s) The iiot-wcathcr period was drier and hotter than usual, and the rainfall in 
gfcwml deiett, mote tspcmlly In Assam. A tytlomc storm ol vmusvial 
chitracter in the first week of May gave an extraordinarily heavy downpour 
of rain in the Indus frontier districts, Baluchistan .and .Afghanistan. 

(3) The Bay monsoon current w.is throughout the first half of the period weaker 

.and more unsteady than usual, and was mainly determined to Iiurm.i and 
North-Ensl India. It was of norm.!! intensity in August but was feeble in 
Septemlier. The Bomb.ay currem set in later than usual and was weak 
until the middle of July when it strengthened and advanced to Upper Indi,i. 
The current w.is of norm.il strength in August and feeble in September. 
The rains were unusually late in commencing and also terminated much 
earlier than usual over a large part of North-Western India, and the total 
precipiiaiion w.is much below the noimal. These conditions not only 
seriously affected the summer crops but also largely diminished the area 
' sown with the cold-w<;alIier crops in the iinirrigaled districts of North- 
Western and Central India, 

(4) The period October to December w.is abnormally dry over the greater part of 

India. The retreating current withdrew from the Bay upwards of a week 
earlier than usual. Burma, Assam, East and South Beng.il and the West 
coast districts ol the B.iy had slightly iicavicr rainlail than the normah 
iqoj.—T’Ac w/d-OTe//jCr January and Fcbniary wore unusually dry over 
the greater part of the country, .ind the total precipitation of the cold'We.ithef season was 
small in amount and much below the average over nc.irly the whole of Northern India. 
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The wbter snowfall was unprecedentedly light and very largely below the normal m the 
extensive mountain region bordering North-Western India on the north and west. 

The hoUweaiher ^eriW.-This period was, on the whole, somewhat drier than usual j 
but the rainfall deficiency was much smaller in percentage amount than in the ^previous 

series of four depressions and feeble disturbances, chiefly of the cotd-wealher 
type, passed across Northern India during March. Three at least advanced from Persia, 
and gave light but fairly general rain in Northern India. 

Weather m April was also somewhat more disturbed than usual, more especially in 
North-liastem India, which received frequent rain from thunderstorms. The rainfall of the 
month was hence in large excess in that area. Bengal and Orissa received neatly three 
times their normal amount and Assam 45 per cent, more than usual. Thn hill districts 
of Upper India had also frequent thundershowers, and the rainfall was hence considerably 
above the normal. Over the remainder of India the rainfall was below the normal, the 
percentage deficiency being greatest in the Punjab plains, Rajputana and the West coast 
of India, in each of which areas it was about 75 per cent . 

Weather was unusually disturbed in May over the Arabian Sea and Bay of Bengal in 
each of which areas a cyclonic storm formed during the first fortnight of the month. 
The storm in the Bay originated between the Andamans and the Pegu coast on the 4th 
and advanced northwards into Central Burma on the 7th. It gave a heavy hurst of rain 
to Tenasscrim and Lower and Central Burma. It was the most severe storm that has 
visited Lower Burma during the past 30 years. The British Indian steamer Camoria 
with upwards of 6oo;passenger3, and the S.S. Hemod foundered off the Burma coast 
during the storm. The storm in the Arabian Sea formed on the 5lh and 6tb to the 
south-east of Socotra and advanced during the next eight days along a curved path to the 
Sind coast which it crossed on the 13th. The S.S. Ehmifeh foundered with ail hands 
on the gth off the coast of Socotra. 

Tenasserim and Lower and Central Burma obtained heavier rain than usual during 
the month, due partly to the heavy burst of rain accompanying the first cyclonic storm of 
the month. Sind received a moderate burst of rain from the second cyrlonic storm of 
the month. 

The rainfall of the bot-weathei period was more or less in defect over the whole of 
the Indian Empire, ivith the exception of Tenasserim, Lower and Central Burma, Cacliar, 
Bengal. North Bihar, parts of the Punjab and of the United Provinces, Sind, South Mad- 
ras and South-Central Madras and Mysore. The excess was most marked in East and 
Deltaic Bengal, due largely to frequent rain in April. The deficiency, on the other hand, 
was greatest in actual amount in the coast districts of Malabar and Arakan and, relatively 
to the normal, in Gujarat and parts of the United Provinces and the Central Provinces. 

^ The south-west momoott period.— The south-west monsoon currents, more espe- 
cially the Bombay current, were much weaker than usual during June, July and the first 
two weeks of August The first advance ofthe Arabian Sea current occurred in the second 

wtek of June on the Bombay coast and was accompanied by the formation and advance 
of a s^ere cyclonic storm from about Lat. ig^N. and Long 70“ E. to the Sind coast. 

about the same time and initiated the rains in 
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The monsoon current withdrew from the east and centre of the Arabian Sea on the 
T6th and 17th June and a break in the rains set in over Western and North*Western India. 
A fresh advance commenced in the Arabian Sea on the 3rd of July. It gave more or less 
general rain in the West coast districts as far north as Gujarat and to Berar, the Central 
Provinces and Central India. 

A cyclonic storm formed in the north-west of the Bay on the 13th and 14th July. It 
advanced north-westwards into the United Provinces and gave more or less general rain 
in Orissa, Bengal, the United Provinces and Central India. A second storm formed in the 
same area on the 27th and followed practically the same track during the next week. 

Both currents were very weak dunng the first fortnight of August and a general 
break in the rains obtained over nearly the whole of the interior. Conditions changed 
rapidly on the ryth and 18th and a strong influx of humid winds set in which lasted until 
the end of September. The distribution of the rainfall during this period was largely 
conditioned by the tracks of a series of moderately severe cyclonic storms which formed 
in the north-west angle of the Bay and passed in rapid succession landwards along more 
northerly tracks than usual. Three of these storms passed into North Bombay and 
'Rajputana and one into Bihar. 

The rainfall of the whole period was in considerable defect in the Central Provinces, 
the Deccan, West Rajputana and the southern, submontane, and hill districts of the Punjab 
and was in marked excess in Sind and the central coast districts of Madras It was pracri- 
cally normal in Bengal, the Gangetic Plain, Central India, East Rajputana and the interior of 
Madras. The rains terminated unusually early in the Central Provinces, and the rice crops 
in the eastern districts hence failed to come to maturity. 

TJje ^treating smtk-wcst monsoon The chief features of the meteorology 

-of this period were the early withdrawal of the humid monsoon currents in the second week 
of October from North-Eastern India and in the third week from Burma, abundant rainfall 
over the greater part of the Peninsula due to the unusually steady determination of the 
Bay monsoon current from the middle of October to December to the west and south- 
west coasts of the Bay, the occurrence of three storms in the Arabian Sea in October and 
December w'hich gave much rain in the west coast districts and the Deccan, and the 
frequent passage of shallow cold-weather depressions in October and November across 
Baluchistan into Upper India giving cloud and ligiit rain, followed by finer and drier 
weather than usual in December. The total rainfall of the period was more or less in 
excess in the Peninsula. The excess was unusually large in South Madras and the Coro- 
mandel coast districts. The rainfall of the period was in general defect over nearly the 
whole of Northern and Central India, the Central Provinces and Burma. The deficiency 
was most pronounced in the eastern districts of the Central Provinces, Upper and Centra! 
Burma and Bengal where the crops suffered to some extent. 

The most important features of the meteorology of the year 1902 were as follows:— 

(1) The cold-weather season was abnormally dry and the precipitation greatly 

below the average over nearly the whole of Northern India and in the 
adjacent mountain districts. The season was, in fact, one of the driest on 
record. 

(2) Weather was slightly more disturbed than usual in March and April In 

Northern India, but the accompanying precipitation was small in amount and 
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below the small normal of the period. Two cyclonic storms formed in the 
Indian Seas in the Hrst week of May. The rainfall of the wliole period* 
was in moderate to large excess in Burma, North-East India and South 
India. . 

(3) The Arabian Sea current was established slightly later than usual on the West 
coast and extended by a series of feeble advances into the interior and was 
for some time unusually feeble. During the first two months of its period' 
two toug breaks occurred, ibe second of which lasted from the end of July to 
the 19th August when the current increased and was unusually vigorous 
and gave abundant rain during the next six weeks. It retreated from North- 
Western and Central I ndia in the last week of September. The Bay current 
was established about the normal date on the Bengal coast and was of 
about normal strength in July and August and strong but unsteady in 
Septembei. It withdrew Ivom Bengal considerably earlier than usual. The 
total rainfall of the period varied but slightly from the normal over the . 
greater part of the country, except in the Central ProvinceSj where the rams 
ended unusually early and the nee crops in the eastern districts dried 
off in consequence. 

(il) The retreating monsoon current was determined steadily from the_ middle of 
October to December to the Peninsula which hence received abundant and 
favourable rain. Weather was drier than usual in Northern India and 
Burma, and the rainfall of the period was scanty and much below the normal 
in Bengal and Burma, Three cyclonic storms formed in the Arabian Sea— 
a most unusual occurrence. 


Chief features of the distribution of the rainfall in india during the 

WET PERIOD OR PERIOD OF INCREASED PRECIPITATION, lfi92-94. 

1 he following gives the variation, year by year, during the period calculated ist by 
Blanford’s method (B) and 2nd by utilizing the whole of the available rainfall data of the 
Empire (A):— 

table IV. 



Actuikl variation 0! annual 
rafnfat] to method 

^ereent^ gie vanstwii of annnal 

rainfall n^tordme to method 

A 

Q 

A 

fl 


IticKes, 

Incl^s* 

Incties* 

Indies 

1 'Sst 

-S^7 


-» 1 

“ 9 

IS 91 

+3‘95 

j-ffog 

+ 9 

+ 12 

1893 

+916 

+9‘07 

+20 

+32 

1894 

+7 62 ^ 

+6*47 


+ lfi 

'89s 

-^276 

—2 19 

- tf 

“ 7 

|Noiifflit annual ralntill . , 

$no 

4l'o9 




... column Headed B are obtained from the data of aho 

4SO SW, 0 M careM, aalaced by lha lale Mr, BlantaM aa arost tfaalwnhy aad Sao : 
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'best representative of the local distribution of rainfall in India. lA the calculation of the 
.averages allowance is made for the area represented by each station. The percentage 
comparisons made by this method are probably more accurate than those obtained by 
method A. The variations obtained by the latter method are determined as arithmetical 
averages (irrespective of the extent of area represented by each station) from about 
2,000 stations in 1S92 to 2,400 stations in 1902. The mean rainfall of the Indian area as 
given by the latter method is considerably larger than that tumished by Blanford’s method, 
as might be expected from tbe fact that undue weight is given to areas like Bengal 
provided ■with a very large number of raingauge stations and deficient weight to certain 
■dry areas as, for example, Rajputana, where the number of raingauge stations was until 
a few years ago very small. 

The data indicate a fairly regular positive oscillatory variation during the years i 892-‘94 
which reached its maximum phase in 1893 when the mean rainfall for the whole of India was 9 
inches or 22 per cent, in excess. The actual excess in volume was equivalent to aoo cubic 
miles of water approximately, or sufficient to fill a tank 200 miles square (the size of 
England) and upwards of 25 feet deep. 

In the two following tables are given the variations for each .season calculated by the 
•same methods : — 

Table V. 


Ybai. 

1 

VARIATION OF RAINFALL UETERMINED ACCXIRDINC T > METHOD A. 

Dry Season. 

Wet Sbasok. 

Cold veathfiTi 
Januiiry and 
Febrnary, 

Hot iveathcTi 
March to 
May, 

Total Yanatkm 
of ffBaeon, 

Rains propCTi 
JuQfl to 
October. 

Rains retreating 1 
November aao 
Decetpher. 

Total variation 
ofsessoB. 



- 

Inches. 

Inches. 

Inches. 

Inches. 

Inch. 

Inches. 

1891 

* W 

t 

+0-35 

+<^33 

+0-68 


-o'4S 


1892 

• » 

4 

-o’33 

+o'S4 

+0*21 

+470 

— 0*96 

+374 

1893 

■ 

■ 


+ryS 

+4'*4 

+i‘ii 

4’0'8i 

+4'92 

j894 

• 1 

fe 

+o‘45 

-'0*42 

+ D'CI3 

+ 74^ 

+o'3B 

+779 

1895 

• « 


-t-tfOl 

• 

^0'2I 

— ffiO 

—I'go 

i 

-"D'66 

'-2‘S6 


Table VI. 




VARIATION OF RAINFALL ACCORDING 10 METHOD % 

Yeab. 


Dry Season. 

Wet Season. 



Cold weather, 
January and 
Febmary. 

Hot rrrather, 
March to 
May, 

Total variakiDD 
of Reason. 

Rains proper. 
June to 
October. 

Rains retreatlQE* 
November and 
Oecepiber. 

Total variattoQ 
offiClSOfle 

\ 

1B91 t 


Inches- 

+‘>■34 

Inches. 

■ho-37 

Inches. 

+071 

Inches. 

“373 

Inches. 

-0‘52 

Inches. 

--4*25 

1892 . 

« 

-0*39 

—0*21 

— o*6o 

+6'93 

-1-24 

+ S'69 

1B93 . 

4 

+ 1*63 

-ha 72 

+4-35 

+373 

+0-99 

+475 

1894 ■ • 


+0*48 

^0*76 1 

"0'28 

•I- 6-30 

+"'45 

+fr75 

TBgg . , 

9 ■ 

— tfoi 

— 0'23 1 

1 

—0-24 

— T6a 

-0-3S 
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3,6 IMPORTANT FEATURES OF METEOROLOGY OF SOUTHERN ASIA, 

The preceding data indicate that there was a sfong tendency to excess of rainfall 
in all seasons. It was in the culminating year 1893 even more marked (relatively to 
the normal) in the dry than in the wet season, as is shown by the following percentage- 
data derived from Table V - 

Table VII. 


Year 

Dry Season. 

Wet Season. 

Pcrccnta^ variiUoR 
of rainfall of 

India. 

Porcentanvanation 
of tunfall of 

India. 

iBtfi ..... • 

■ 9 10 

-4 

1892 . . . ■ 

+ 4 

+ 9 

1693 

+73 

+ 13 

1894 . - «... 

+ * 

+19 

1895 • < .... 

- 3 

-6 


The meteorological conditions in India during the two seasons are practically the 
inverse of each other and it is hence a remarkable fact that the excess was equally marked 
In both seasons. I have in a previous memoir called attention to the fact that south-west 
monsoon seasons of abundant rainfall in North-Western India are almost invariably followed 
by increased precipitation during the succeeding cold-weather season, -The phenomena of 
the period 1892-94 are a strong confirmation of the principle and suggest the explanation 
given in a later section. 

We have next to enquire into the distribution of the rainfall and its variation over the- , 
Indian land area in each of these years. 

The following table gives actual mean variation data for nine large areas or provinces 
arranged in two groups of divisions according as they are dependent mainly on the 
Bombay or Arabian Sea current or on the Bay of Bengal current for their south-west mon* 
soon rainfall 

Table VHI. 



Peovikgs. 

Variation from norual ov annual RA*NrAtt> 
(Calculated fiV mTHov A^ 

iS 9 > 

■99]. 

1 S 94 . 



Inches. 

Inches. 

Inches. 

r 

Bombay and Malabar Coast Districts .... 

+778 

+ 3'35 

- «-45 

a 

K 

Centra! Provinces and Benir * ♦ , , , , 

+687 

+ 7'76 

+ 97 ® 


North Bombay Uncluditif Smd, Kathiawar end Gujarat) . 

+ 5-51 


+ifi' 6 g 

1 

Kajputana and Central India 

+521 

■F frfti 

•F 377 

“1 

North and West Punjab 

+3'83 

-I- 8-09 

•F 4'94 

h ^ 

5& 

Bengal and Assam (including Chota '^agpur and Bibsr) . 

+3‘78 

•H4-3S 

-F 8-3(5 

e 

n 

& ^ 

United Provinces of Agra and Oudh 

+079 

-Fio-Sp 

•F23'9* 

u 

4 

Punjab (excepting the northern and Reslern districts) . , 

+5'+i 

t 9'S2 

+ 12-29 

n 

Madras . . 





“ ' • • • i 1 , 

+ 1‘22 

-F 884 
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The following table gives the variation data of the preceding table arranged and 
expressed as percentages of the mean or normal annual rainfall of the nine divisions s— 


Table IX. 


FlBtD. 


Variauoh expr&sssD as fercrntaob or AKNnAl. 
raiufaU. m 

Pkovince. 

tS 92 . 

iSB. 

- 

iB$4< 


H r 

fiE 

Bombay and Malabar Coa^t Dislricts . 4 , / 

4*12 

+ 6 


S 

n 

Central Provinces and Berar 

+<5 

+ »7 


> 

0 , 

>• 

North Bombay [including Sind^ Katti iawar and Gujarat ) . 

+ 22 

+* 9 


S ■ 

n 

s 

Rajpntana and Central India 

+18 

+21 


0 

a t 

North and West Punjab * ^ 

+a+ 

+SO 


*'1 

Pengal and Assam (including Bihar and Chota Nagpur) . 

+ 4 

+20 

+II 

I 

United Provinces oC Agra and Uudh 

+ 2 

+29 

+64. 

mt 

Punjab (excepting the northern and vestern districts) . . 

+25 

+44 

+56 

Madras « * 

+ 4 

+26 

"3 


The following are the chief conclusions from the preceding tabular data (Tables V, 
VI, VII, VIII and IX):- 

(1) The two methods of calculation, although furnishing different results for each 

of the three years, give a total excess of very approximately 20*5 inches 
for the period. Method B gives 20*63 inches and method A 20*93 inches, 
equivalent to an additional half year’s supply (tnWc Table IV). 

(2) In the years 1892 and 1893 the rainfall was in excess in both fields and in alf 

the large divisions of the fields. In 1894 It was in excess in all divisions 
except the coast districts of the Peninsula. 

(3) The excess was fairly equally distributed in the year 189a, the only abnormal 

feature being the largish percentage excess in the Punjab, North Bombay- 
and Rajputana. In 1893 and 1S94 the excess was more marked (i) in the 
' ' Bengal field than the Bombay field, and (2) in the interior areas of the 

former field, more especially the East Punjab and the United Provinces, than 
in the coast districts. In the Bombay field it was greatest, absolutely as 
well as relatively, in the most interior districts, including the North and 
West Punjab, Rajputana, Central India, Berar and the Central Provinces. 

(4) The most important feature was the excess in the most distant areas of the 

interior which mark the limit of the fields of the two branches of the Bengal 
and Bombay monsoon currents, hence indicating the abnormal extension, 
volume and strength of the monsoon currents in these years. 

The following table, which is based on method A, gives corresponding data of th& 

same nine large areas or provinces for the four seasons of each of these years and arranged 

F 
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according as they are mainlv dependent on the Bombay or Bay current fot their south- 
west monsoon rainfall v . - - j 

Table 3 \. 



OP HAlNPALt IN VARIATION OF RAiNFALt IM VARIATION OP RAINFALL IN 
i 8;>2* 1^9“!' 
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HI 


Bombay and Malaoar 
Coast Distrlcl", 

Central Provinces and 
Berafi 

North Bombay . 

Rajputnna and Central 
India. 

North and West Pun- 
jab 

Bengal and Assam • 

United Provinces of 
Agra and Oudh, 

Punjab (cicceptmg the 
northern and western 
districts). 

Madras « , . 



£ >.£ 

M a 

O 50 

:: cs 


Ins. ^ns . 

+ 0'2S -I'SS 

H-iO'i7 +o'6s 

+13*07 — 0*14 

+ 3*07 +0*91 
+ 3*1* -o’ljl 

I 

X 7'22 +1*85 
+2ro6 + 2 * 4 ^l| 
4 8'II “P2’27! 

I 

+ i*st —4! 


The following gives the preceding data expressed as percentage variations 

Table XI. 



PEEtCRNTAGE VAtflATfON OF 
R4INFALI.IN iSgs* 


BoTn\>ay and Malabar 
Coast Districts. 

Central Provinces and —43 
Berar. 

North Bombay , , 

Rajputana and Central +flc 
India. 

North and West Punjab ^76 

Bengal and Assam , ^39 

United Provinces of -j. j 
ApraandOuah. 

Punjab (excepline the 
northern and uestcrn 
districts). 

Madras , . 
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The following inferences are derived from an examination of the data of the two pre- 
ceding tables 

(1) The rainfall was in general defect In the dry season of 18921 following the 

weak monsoon with decreased rainfall of 1891, when Rajputana and the 
adjacent areas suffered more or less severely from drought. 

(2) The south-west monsoon rainfall of 1892 (June to October) was in general 

excess by percentage amounts incieasing from’ the Bengal and Bombay 
coast districts to the interior. 

(3) The rainfall of 1893 was in general excess. The percentage excess was very 

large in all divisions for the dry season, and moderate in amount for the 
south-west monsoon. It was also large in the retreating monsoon over 
the whole of India except North-East India and the Punjab. 

; (_) The rainfall of 1894 was generally in moderate excess in the cold weather, but 
more or less considerably in defect in the hot weather, It was, on the other 
hand, generally in moderate to large excess throughout the whole of the 
wet season, the excess being most marked in the interior districts. 

The period of this general excess of rainfall in the Indian area hence extended from 
the south-west monsoon of 1892 to the end of the south-west monsoon of 1894. It may 
again be noted that it folloucd deficient rainfall In the preceding dry season, and 
south-west monsoon period. 

The following table gives available rainfall data for the period 1892— 1894 of a con- 
siderable number of Extra-Indian stations \sblcb, with the exception of Singapore, Penang 
and Mauritius, are maintained by the Government of India 


Table XII. 
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+ 57 
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— I’&i 
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1 

-^41 
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+ 7'S3 
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+ 5 
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+ 0*29 
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STAtlOWt 

VARIAtfON OF annual RAINPAU 

FROU ttORMAL, 

P^centacs vauiatidr of 

ANNUAL XAINFaCC 
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i8p}. 
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of 
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Gilgit . 

t ■ » 
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+ o*S 7 

+ I'SS 

+ 16S 


+ 6 

+ *9 



■ 



+ 4 ‘ 3 S 

+ 4*38 



Mxo 



1^1 

— 21*84 

— ai‘4i 

4 * 016 

-^■09 

-19 

- tS 

0 

Singapore 

1 * t 

f * 

+ 7*66 

+a 3 ‘ 2 S 

-14*27 

+ 16*64 

' 

+ 8 

+ 24 

- IS 

Penang 

« * ■ 

• t 

- 7-96 

— 357 

-48*90 

— 6 o*S 3 

-7 

"" 3 

— 44. 

Zanzibar 

4 

• 

— 8'17 

tie's* 

+ VQ4 

+ 971 

-=5 

; + 3 * 


Maurltms 

\ * * 

4 * 

+ 9-48 

- i‘ 3 i 


+ 7 ' 4 + 

• 1-19 

i - 3 


Muscat 

4 * > 



— 2'38 

+ 029 

2*05 


-54 


Aden t 


» t 

— 2*6? 

- I'SO 

+ 0-41 

-373 

—00 

-III 

+ IS 

Perilit • 

. * 

4 « 

-053 i 

+ otfS 

— 1*26 

- ri 3 

— aS 

+ 3 + 

— 66 

Ammi Devi 

fr ■ 

$ 1 


+18-24 


tiB’a* 


+ 38 


Mintcoy 

• • 1 

f # 

- 7'89 

k 


-738 

~ 2*14 

-14 

+ 9 

-13 

L 


The preceding data establish that the precipitation was in general excess over the 
whole area including India, Baluchistan, Afghanistan and Persia and in the areas of the 
Indian Ocean represented by Zanzibar and Mauiitius. This feature was independent of 
season and was as a matter of fact even more marked in the dry season than the wet 
season In India, which is noteworthy considering the contrast of conditions and ofatnios* 
pherlc movement in that large area during the two periods of the year. 

The data show that amidst a certain amount of irregularity from year to year the 
total rainfall of the triennial period 1893—1894 was more or less largely in excess in the 
Euphrates Valley, Baluchistan, and probably in A.fghanistan and Central Asia (as indicated 
by Kashgar) as well as in India. It is noteworthy that it was in large defect at Pori 
Blair (an illustration of a general principle that the rainfall in the Indian sea area fre* 
quently varies inversely with that of the Indian land area) and Penang, and in largish 
percentage defect at the three Arabian stations of Muscat, Aden an I Peri n. The data 
hence show that the feature of excessive rainfall extended over a much larger area than 
India. 

Over the whole area to the north-west of India the rainfall occurs chiefly during 
the winter season from October to February or March, The following tables give 
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vArialion data (actual and percentage) of the years 189s— 1894 for two periods of the 
year:— 

Table XHI, 


SUTlOKi 


ACTUAL RAINFALL VARIATION, 

i 

- 

Cold wiatheii rKHioo^ TiovtuncR 

TO FEamir, 

S11UMIR ttA 90 V| March 

To October* 




iBi)). 

)E 91 > 

isw. 









Incliefi 

Inches. 

Inches. 

Inches. 


Inches. 

Bdgbdad 


+STM 

+ >'97 




Bofhlrc . * > 

-078 

+S ‘73 

+ I 2 -J 2 

-1*46 


•Ufas 

Jisk 


•H'Ss 

+ 3'io 


- 0-74 


QuetU * 1 


+ 4 'S; 

-1*83 



+0 60 

ChiLfiun - . Ill 

+ 5 'JS 

+0-42 

^2'OS 


—1*26 

+ 2*03 

KfilSit « * • - I 

+S'S 3 

■h 3 ' 5 i 

— o’^8 


pH )*94 

+271 

Gili;lt 1 « > • * j 


■l-o-ip 

+ o' 3 J 


+c'6S 

+0*82 


Tabli: XIV. 


Statiom, 


PLRCESIAGF. variation of RAINFALL 

< 

CbLO wvArKim rtmobt T^ovSHiiEti 
tJ t'xniUARV, 

SUHURR BFASOM, MAICH 

TO OcTOltCR, 





1593, 

*891. 

1 S 94 - 

Baghdad 


+97 

+ 3 * 



+140 

BusWfe + . . • ■ 

- 7 

+SS 

+n 6 



+ 22 

Jask #!-•»* 


+Gi 

tlM 


-55 


Qacita • 4 * - > 

■Hit 

+91 

-31 

-•45 

“S 7 

+ n 

Chnm&n 

•uss 

+ 10 

- 4 B 



+98 

Kaht • , 4 ■ . 

+293 

497 

-16 


-34 

+ 97 

Gilpi , fe • ■ » 


+37 

+ 63 

1 

+16 

+ 19 


The data show that the rainfall of the year 1894 was .ilmost as largely in excess in 
the summer season as in the cold-weather period. It Is noteworthy that the rainfall of 
the summer season of 1893 and probably also that of 189: in Persia, Afghanistan and 
Baluchistan was largely in defect relatively to the normal. 

The agricultural vmIuc of the rainfall in India depends even more upon its distribution 
in lime and mode of occurrence than upon the total amount during the period and hence 
upon a variety of factors of which the most important arc 

(1) Potlod of commencement of the rains. 

(3) Period of termination of the rains. 

(3) . Occurrence of prolonged breaks in the rains. 

(4) The character of the falls, whether chiefly occasional cyclonic downpours or 

moderate rain at frequent intervals. 
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IMPORTaKT features of meteorology of SOOTHEPF! ASIA, , 


The following gives normal date fot (i) and (2) in the areas dependent upon 'the 
Bay current 

Table XV. 


PAOVmCS OR Arra, 

Avtf Rg 6 date 
oi commencement 
ofmon^wn 
^ ranu« 

Avertijgc flute 
oE tertnitiRtion qE 
lUooGOon fainE 

of 

normamiiod 

dI EmiU]*Trett 
ffionsaon mins 
In weetis. 

Morth Madras (Ganjam and Clicars) 

yth June 

afitli November 


L>^er Burma * • , i 

# » 

tith „ 

A2 

Upper Burma 

loth „ , 

gtsiOctobw . 

at 

Bengal 

1 tp'' IP 

aisi .. 

UQ 

Bihar 

iSth „ 

iStli „ 

1 

iji 

Chota Npgput * . 

15th .1 

I 5 t'' » 

17k 

United P|0\mces, East . 

ifirh. « 

: loth „ 

*7 

United Provinces, West 

asth 

1 16th September 

* 3 i 

East Punjab . < . , ^ 

joth „ 

15th „ 

11 


The following gives corresponding data for the areas served by the Bombay or 
Arabian Sea current 


Table XVI. 


pRovijJcs OB Aura. 

. Av^pe dale 

01 coiQRieticement 
of iDOnsiwo 
rRius 

AipetawdUte 
of tcrmmation of 
vnanvi)^ tmiis. 

Unrthof 
normui iperfod 
of south-nrcflt 

in ntelt), ' 

Malabar , 

3rd Juno 

13th November 

•"■■ " r- -I, 

Kofibatt . * 

* • » i ► 

5 lh 1. 

2 olh October * 

\ 20 

Central Provinces . 

loth „ , 

'Stli „ . 

1 is 

Central India ^ 

1 'SR* n 

Salh Stptemhttr 

1 isi 

Gujarat and Kathiawar . 

[' 5 * .1 

l!4ftl „ 


Rafputana ■ , , , 

^tSlF « 

I so* 11 . 

' . 1 

1 

1 

[ 1 


fact only about ha] £ ; " f p 

l/tL App£i£^^ Coast districts, 

dates of the commencement and t°**”‘ approjornate 

year oi the perioT^ ol India in each 

of the^liS il' «!£ wri?"* f eo'^mencement and termination 
in weeks. A posliwe" e^ei* year of the m period rgga-c^ 

and in the second three cobnjas that tbcTend dT* 

« that they ended later than usual and a negative sign in 
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the first three columns that the rains commenced later and in the second three columns 
that they ended earlier than usual 

Table XVIL 


, Vahiatiom IK THE dates of cohuekcs- Vakiation in tdb dates of tbemination 


UEUT 0? TRn MDKSDON EAINS IK 


OF THB »OKSDQK RAINS IN 


Fteld if Bengal currmi. 


Lower Burma r < . » 

1 2 weeks 

Normal 

+ I week 

Up^ Burma . • • . 

4- 1 week 

Normal 

Normal 

Bengal r , ‘ , 

+ i 1, 

Normal 

1 Normal 

Bihsr: « ; , . . 

+ i 

Normal 

Normal 

Cliota Nagpur » . i 


Normal 

Normal 

United Provinces, East 

-l-i » 

Normal 

1 

Normal 

United Provinces, West 

+ 3 weeks 

Normal 

+ 1 week 

East Punjab • * . . 

+ 3 IP 

+ I week 

+ 2 weeks 

North Madras * . . < 

+ 1 week 

1 

-I 

Normal 


Field of Bmbay current 
Malabar . 

Konkan . « 

Central Provinces » 

Central India * 

Gajarat and Kalhiavar 


T yim j + 1 week 



“ 2 Weeks 

-•‘4 weeks 

Normal 

-a n 

— 1 week 

T 1 week 

+ * 

+ 3 weeks 

+ I .1 

+ 3 pj 

+ ^ w 

1+4 ft ^ 

+ 3 weeks 

i + 6 If 

+ I week 

Normal 

— a weeks 

- 2 weeks 

+ t week 

Normal 

Normal 

+ I week 

Normal 

1 + 3 weeks 

+ 2 necks 

+ 5 » 

+ * week 

+ 5 If 

Normal 

— I week 


It may be noted that if the variation be less than four days it is termed norma], if from 
four to ten days it is given as one week, if from eleven to seventeen days as two weeks, etc. 

The following table gives the normal length of the monsoon rains in each of the divi- 
sions adopted in the preceding tables and the variations from that normal in each of the 
three years 1892-94 j— 

Table XVIII. 
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important features of meteorology of southern ASIA, , 
Table X.VIII— concluded. 


Fieldi 

PROViNfB OR Area, 

NDrrant loigfth 
of mopsoon 
period 

Variahons trt ths LEttoTH or Tit£ 
tiortsoon rfiRiDDi 


1 SS 3 . 

1S94 


Malabar . » » * - 

24. mks 

0 

+ 1 week 

0 


Konlcan . • * • 

so „ 

+ 3 weeks 

0 

+ t week 


Central Provinces . 

16 „ 

^ I week 

1 week 

+ 3 ^ceks 

Bohbit Currsmt 

Central India • ■ i * 

iSl 

+ * II 

+ 2 weeks 

+ 6 „ 


Gujarat and Kathiawar * * 

Ml .. 

+ 1 |i 

+ 1 week 

4 “ 5 ** 

[ 

, Rajputana 

14 ). 

+ 2 weeks 

* II 

0 


The data of the preceding two tables show a marked tendency in the three years 
of increased rainfall for the monsoon rains to commence earlier than usual (the amount 
of the acceleration being greater on the whole in the interior than in the coast districts) 
and also to terminate later than usual. The prolongation was on the whole greatest 
in the interior districts and ranged in the year 1894 between three and seven weeks 
in the Central Provinces, Central India, Gujarat, Kathiawar, the United Provinces, Bihar 
and Chota Nagpur. 

On the average of all districts we have the following results. The Bengal current 
obtained two weeks longer than usual in 1892 and 1894 and two days in 1893 and the 
Bombay current one week longer in 1893, two days in 1893 and three weeks in 1894. 

Hence an important feature of this period of considerably increased monsoon rainfall 
was that the monsoon currents set in earlier and withdrew later than usual from Northern 
and Central India. 

The third feature, vis,, the length and period of occurrence of general' breaks in the 
rains, is of great importance. The following gives data for the period 1892*94 !— , 


Table }{ 1 X, 


1 Year. 


Period ol 
break. 

Area effected 

Character of break. 

1892 

June . 

rpth to 98th 

Practically the whole of Northern and Central India 
and the Central Provinces. 

Complete. 

1B93 

July . . 

23rd to 31st 

North-WesLern and Central India • , . 

Almost complete 

1893 

August • 

13th to 29 nd 

Gftto ditto » . , 

Ditto. 


The preceding data show that no break occurred in 1894 and that there was only 
one short break (of nine days) in 1892 and two of nine days each in 1893. Each year of 
the period was hence characterized by remarkably steady persistence of soUth*west 
monsoon conditions and their extension to the extreme northern limits of the Indian 
Empire during the whole monsoon period from the middle of June to the middle or end. 
of September. 
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■ The fourth feature, wa, that of the character of the rainfall, is much more difficult 
to estimate. , It might perhaps be measured for a given station by the number of rain- 
falls exceeding say 3 inches in hours and for the whole of India by giving similar 
data for a number of representative stations. This is done below for selected re- 
presentative stations in each province in the following table. 

Table XX. 



K^pnicniatiretlatlont. 


North Bombat 


NCRTlr AKDWR«T?UK;i| 


Ukitru Proviwcm of 

Mu iHD OVDH> 


PUNMQ fElCFFTlKO TI|F 
north ERK iHD WISTRRR 
districts.) 


NuMOBK or OCCASIONS ON WHICH RAlNFAUi 
2H 94 HOURS EXCEEHED 3 iHClIES OURlKO 
THE WEI SEASON OF 


iSffl. iBaj. 1894. TobL 


' Bombay • , < , S 

Kanvar .... 8 

BoMlAt AKD MAliill\R{ 

Coast districts. Mathrran . sa 


Saw^or 

1 

P 


, Satnbalpur . 

1 

* 


' Ahmcdobad 

1 

1 


Rajkot 1 

• 

■ 


Bhuj • 

» 

• 


, Kurrachcc • 

1 

« 


^ Jaipur ■ 

« 

1 


, Udaipur t 

« 

• 


Ajmer • 

i 

■ 


Oera Ismail Khan 

P 


Mooltan ■ 

< 

t 


' False Point 

■ 

• 


Calcutta • 

1 

• 


Durdwan « 

e 

f 


Palna « 

« 

• 


Kaznribagh 

• 

t 


Chcita Foonjee 

4 

« 


Dhubri < 

■ 

P 


' Allahabad < 

■ 

• 


Aura . . 

P 

* 


Meerut * 

« 

t 


^ Lahore . 

P 

■ 


Rawalpindi 

f 

« 


[ Umballa « 

• 

1 



























. important features of METEOROLOGV of southern ASIA, 

The preceding data are interesting as showing how very irregular heavy rainfalls 
are in their occurrence in India. Frequent heavy downpours occur on the southern . 
face of the Assam hills (as represented by Cherra Poonjee), the western flank of the 
West Ghats as represented by Malheran, and probably on tbe nestern flanks of the 
Arakan and Tenasserim hills and on the southern face of the Darjeeling" hills and 

Western Himalayas. ^ , 

The data of tbe plain stations show that in the period 1892*94 the number of 

heavy falls was less at Calcutta than at Jaipur, Kurrachee and Rawalpindi, stations in 
the driest districts of India. Again, in tbe Central Provinces Nagpur received only four 
■such falls whilst Sambalpur had 1 4 and Saugor 12.^ 

Hence as a general inference from the preceding data, it appears that heavy falls 
are as frequent in the more distant districts of the Empire as they are in the 
coast districts, and it is largely due to this fact probably, that the average rainfall per 
rainy day during the south-west monsoon period differs' little in amount over the whole of 
India, as is shown by the following statement 


Table XXI. 



Aitst. 

Mean 
rainfnll 
per nimy 
day 

Ratio of actual rainfall to 

VBROF RAINY DAY$ jN WET SEASON 

tJirim TO Beceuoer), 

1899, 

iG^ 

]894> 


Bombay and Malabar Coast district « 

o'Sg 

0*9 

0^8 

B 

- 

Central Provinces . < . * 

0*91 

0^9 

0-8 

n 

BotlBlY CDRRBHr . 

« 

North Bombay • . • , 

0*94 i 

0'9 

09 

Vi 


J 

RajpuUna and Central India » » 

<>‘93 

0-9 

09 

crB 


, North and West Punjab , < * 

081 

ro 


cyB 


■ BcngEl and Assam i . . . 

0*89 

09 

09 

0*9 


) 

Umted Provinces ol Agra and Oudh « 

0*93 

* 09 

o‘9 

ro 

Bes&al CURRm , 







Punjab (fxcepitng the norlhern and 

0*93 

0^9 

o'g 

0*9 


A^estern distncls) 






Madras 

075 

0*7 

■ 

07 


The data oi the preceding table are very interesting, They indicate in tbe first 
place that the mean rainfall per rainy day is practically the same in amount over nearly 
the uhole Indian area (excepting Madras where the conditions are different from those 
of Northern and Centra! India) and that in normal years the average fall per rainy day is 
very approximately o'go inch. 

^ The following table gives for fuller intorraation the normal number of rainy days' 
during the south-west monsoon in each of the 57 rdintall divisions of India, average rain- 
fall of the south-west monsoon and the average rainfall per rainy day, and also the 
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average rainfall per rainy day in the years 1893, 1893, and 1894, For this purpose a rainy 
day IS defined as a day on which a tenth of an inch or upwards of rain is receded — 


Table XXII 



Wet Season June to Dbceubbr. 


Benoll 

Assam 


United Prov- J 
]NCBs OF Agra' 
akd Oddu I 


BoMBAT AMD 
Malabar ' 
Coast Dis- 
tricts (Mad ' 
BAS] 


Central Prof i 
INCES ANDj 

Bbrar f 


Dombat 

(North) ^ 

Rajpdtaka 
AND Central 
India 


I Tenassenm 

a Loner Burma Deltaic * * 

3 Central do * 

4 Upper do • 

5 Arakan 

d Eastern Bengal • ■ 

7 Assam Surma > ■ 

8 Do Hills * < 

9 Do Brahmaputra • ■ 

10 Deltaic Bengal » 

IT Central do i ■ • 

17 North do 

13 Bengal Hills ^ # » 

14 Onssa 

ig Chota Nagpur • • 

16 South Bihar • 

17 North do - • ■ 

18 UnitEd Provinces Bast - ^ 

ig South Oudh , < . ■ 

ao North do I I ^ 

21 United Provinces Central 

22 Do West 

23. Do East Submontane 

24 Do West do 

25 Do t Hills ■ I 

26 South-East Punjab * ^ * 

27 South do • • ' 

28 Centrnl do . • • 

29, Punjab Submontane • 

JO* Do Hills - • • 

31 North Punjab 

32 West do i , ■ 

33 Malabar i • * 

34 Madras South Central * * 

35 Coorg . , . • 

30 Mysore < * ' 

37 Konkan * * • • 

38 Bombay Deccan . • 

39 Hyderabad North * 

40 Khandesh , « ■ ■ 

41 Berar . ‘ * 

42* Central Provinces west . . 

M Do. Central • 

44 Do East » 

45 Gujarat ■ • - 

46 Kathiawar and Culch - 

47 Sind 

48 Baluchistan Hills . • 


Madras « 


Cenlrallndta East 
Rajpuiana East, Centrallndia 
, West Eajputana • 

East Coast North 
Hyderabad South • • 

Madras Central . • « 

East Coast Central . • 

, Do South , t 
Madras South » * < 


Average 

nuiraal Avenge 
number normal '"ainlall 
of rainy nlnfsll 
dajs 


Actual lainiall per ramy 
day 111 


429 

West 295 
. 142 


Inches Inehea 
14 >5 


0-7 

II 13 

07 07 
07 

O'/ t 07 

























IMPORTANT features OF METEOROLOGY OF SOUTHERN ASIA, 


3 s 8 

Chief features of the distribution of the rainfall in India during the 
dry period or period OF DECREASED PRECIPITATION FROM 1895—1902. 
The following gives data showing the variations of rainfall in each year for the Indian 
land area:— 

Table XXIII. 


Ym, 

Actual vanalion of annual 
rainfall according 
to method 

Percents^ variitian of 
annual ramlall according 

Id method 

Ak 

S4 

Av 

a 


Inched 

Inches 



1B95 

1-3 76 

-flip 


-7 

1896 

-563 

- 4**3 

-13 

-13 

1897 

+!» 

-0-15 

+ a 

0 

1B98 •»■««« 

+094 

+ 0’43 

+ 3 

+ 1 

1899 1 

“ 77 » 

— iri4 

17 

-27 

I9OO 4 1 « t ■ i 

-047 

" 0 -S 7 

— I 

— I 

1913! V 1 ■ ■ t 1 



-9 

— 10 

1902 k 1 * ■ « ,j 

- o'SS 


— 2 

- 6 


The preceding data show that the average rainfall of the whole Indian land area was 
according to the second method of calculation below the normal in seven out of the 
eight years, and was in abnormally large defect in two } ears, vis , 1 896 and 1 899, It was 
practically normal in the remaining year 1898. The rainfall for the whole period 
totalled I9‘53 inches in defect according to method A and 24*88 inches in defect 
according to method B. 

The following variation data of the annual rainfall of the Indian land area for the 
past 39 years show strikingly the abnormal character of the rainfall of the period. The 
table gives the variation of the rainfall of each year from the normal obtmned by 
Blanford s method and also the variation of each season of the period 


Table XXIV, 




VaRIATJOK or tlAlNPALt IN 

a 



Yeah, 

Cold weather 

penod, Jaitit- 

arjand 

Pebruaty, 

Hot ncflther 
period, March 
to May 

Rainy season 
proper, June 
toOctoW 

Retreating 
tnopsooD 
period, Novem 
her and 
December, 

VaTiation of 
annual rainfall 

Nottnnl 
rainfall of 
India* 

iK* 

Inch* 

— crofl 

1 

Inches. 

— 0-02 

Indies 

- 5 * 3 * 

Inches* 

- 0 ‘l 6 

IndiDSi 

-552 

Inches 

4 ro 9 

* 8 Ss 

^• 0*40 ' 

+ >49 

-250 

— oi6 1 

-077 


'S 66 . . - . . 

+0^31 

-ij >68 


^□41 

— jog 


*867 

—0^67 

+g‘J» 

' +377 

-ns 1 

+a '77 

i 



+0*37 

~0 34 

-571 ; 

*-o' 9 S 1 

-6*53 
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Table XXlV^concluded 


VtAlL 

Variation op rainfall in 

VadatiCMi of 
annual 
* rainfall 

Normal 
[atnrall of 
India. 

CoM weather 
penoj, Janq 
aty and 
FcDTuarp 

Hot weatlier 
penod March 
to May* 

Ramy sewn 
ptopcri lune 
to October 

... 

Rettieatinf 
niDllSOOQ 
period Novem^ 
her and 
Occemhtf 







Inches 

Inches 

mm 

Inches 

Inches 

Inches 

1869 « 

• 

ft 

ft 

• 

4 

--Oil 



+017 

+040 

4109 

tB/o « 

• 

ft 

ft 

ft 

V 

-□74 


WBm 

“O33 

+149 


1871 » 

* 

ft 

ft 

■ 

1 

+I 12 


-339 

+0-83 

+"•93 


1872 < 

* 

ft 

ft 

P 


-030 


+ 197 

+0*73 

+* 3 > 


1873 • 

» 

ft 

• 


t 

•-0*10 



-063 

-446 


*874 . 

» 

ft 

ft 

* 

4 

+ Dt6 

+034 

+ 4 £K> 

—0-76 

+464 


187s . 

» 

ft 

ft 

1 

V 

+D03 

-0-95 

+553 

-a 23 

+538 


1878 . 

• 

ft 

* 

ft 


-066 


-251 

— 0 S7 

-449 


J877 • 

t 

ft 

t 

4 

t 

+1 a? 

+119 

-7*95 

+i ai 

-4i8 


1B78 . 


ft 

ft 

f 


-^001 

+o' 4 i 

+ 5 - 3 S 

+059 

+634 


1B79 . 

* 

ft 

ft 

f 

4 

—067 

+0 12 

+333 

—009 

+ ifip 


t88o » 

4 

ft 

• 

ft 

* 

ho 01 

—0 03 

-2 88 

+ 133 

-'156 


iSSi * 


ft 

t 

ft 

4 

**o 19 

+cri6 

+004 

+Q09 

+0*10 


1BS2 . 


ft 

• 

f 


—0 ot 

'-0*38 

+224 

+079 

+2*64 


zBBs . 

* 

4 

t 

ft 


—001 

—0 01 

— 0 12 

+002 

-0 t2 


1S84. 

• 

ft 

ft 

ft 


— 0 36 

-103 

+ 193 

+119 

mm 


1885 • 

• 

ft 

P 

■ 


—005 

-o'a 4 

—063 

+197 

■1 


t 886 t 

« 

« 

ft 

1 

* 

- 0*37 

+061 

+ 30S 

— 0 31 

+302 


1SS7 . 

ft 


■ 

ft 

4 


+ 0*39 

+t 3 e 

+090 

+242 


iSSS . 

ft 

4 

■ 

1 

■ 

+064 

+025 

-330 

+087 

-154 


I8B9 « 

ft 

ft 

A 

« 


+ 0*04 

--083 

+4 03 

^085 

+2 4 t 


1890 1 

4 

V 

ft 


1 

-0^30 1 

-031 

+0*93 

+0 21 1 

+068 


1691 • 

a 

ft 

4 

4 

m 

+ 0*34 

+ 037 

-373 

-053 

"* 3 S 4 


1892 

ft 

V 

ft 

* 


^039 

—031 

+693 

-124 

+509 


1893 ♦ 

■ 

t 

ft 

4 

■ 

+163 

+272 

+3 73 

+0 99 ! 

+907 


IB94 • 

ft 

ft 

ft 

ft 


+048 

— 0 76 

+630 

+045 j 

+647 


iBgS . 

1 

ft 

ft 

4 


—001 

-0 23 

*•*1 fio 

-035 

—9 19 

1 

1 

1896 . 

• 

ft 

* 

• 


j -04a 

-0 82 

-AH 

+o^S 

-483 

1 

i 

1897 . 

* 

• 

ft 

■p 

■ 

ft^OOI 

—0 12 

+046 

-048 

-ois 


1898 • 

■ 

* 

f 

ft 

4 

+050 

i —1 00 

1 

+01B 

1 +0 75 

1 

+043 


1899 < 

ft 

• 

P 

ft 

* 

-038 

+05B 

—1002 

-132 

—II 14 

J 

1900 • 

ft 

ft 

ft 

ft 

• 

^02 

— tf2S 

+0 10 

-^40 

- 0*57 

1 

1901 • 

ft 

ft 

ft 

« 

4 

+*47 

wO 48 

-ss« 

+0-38 

•'413 

i 

1 

igoa * 

1 

ft 

ft 

P 

f 

- 0 S 7 

+0-16 

-2 2S 

+061 

-•205 

J 
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The preceding data show that the period 1852 — 1502 was unique in many respedts. 
The year 1893 had the greatest excess and 1899 the greatest defect of rainfall during the 
whole period. It was unique also in the amount of the excess of the three consecutive 
years 189a— 1894 and also in the prolonged period and intensity of drought during the 
years 1895—1902. 

The data also indicate that pnor to 1903 the rainfall was in defect in 18 years out 
of 39 years, and prior to 1895, in 1 1 years out of 31, The rainfall varied from the normal 
by four inches or 10 per cent, in 13 out of 39 years. In seven years the rainfall was 
normal or in excess in all the four seasons, and in two years it was in excess in three 
seasons, the failing season being the hot period, when the weather is most largely 
determined by local conditions. There is hence a moderate probability based on experience 
that rainfall in excess or defect over the Indian area by araounts'averaging over four 
inches is due to similar variation in every season, in the dry (more especially the cold ' 
season) as well as the wet season. In other words drought is not a seasonal but 
an annual or long period variation of conditions due to general and not to seasonal 
conditions or actions. 

The seasonal variation data for the period 1895—1902 calculated by Blanford’s 
method are contained in the first four columns of the preceding table in which the varia* 
tions are determined by that method. 

The following gives variation data for each of the four seasons’ calculated by method 
A based on the whole of the available rainfall information 


Table XXV. 

r " — — 

VARIATION OF RAINFALL DETERMINED ACCORDING TO METHOD A. 


Dry Season. 


Wn Season, 


Cold vcaHicr^ 
January and 
Fetniaty. 

Hot weather, 
March to 
May. 

Rains proper. 
June Id 
O ctober. 

Inches. 

Inchcsp 

Inches. 

+0'0l 

—^*21 

^1*90 

-^0*46 

— o*8p 

--4^93 

+0*0$ 

—0*48 

h27i 

+0*63 


+1*44 

“-0*27 

+072 

■-6*60 

+0'20 


+0*84 



-5*46' 

^0*61 

+0-33 

— rjo 




to, n. plioj ,8p, 

EMetal condiiira.. 1 * ‘ 
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This is shown more clearly by the arrangement of the data according to the wet and 
dry seasons, 

Table XXVI. 


Year^ 

Variation from morsial 
oriifR rainfau of the 

' 

Yrar. 

Variation rtioM korual 

Of THtt RAIhfAU Of THE 

iim 

Wet 1U OR. 

Dry EeRMn, 

Wetieasoft, 


Inches, 

tnehn* 


Inches* 

Inches* 

1895 * * ' • ♦ 

- 0-^9 

- ^90 

1699 ..111 

H-orjo 

“ 11*41 

1896 

-*•57 

- 4 -S 3 

1900 

— 0*31 

- O‘30 

1897 


" o*c4 

1 

+0'88 ^ 

-«5 

■ t 

-o‘;6 

+ 50 

' 

— O'JO 

1 

- 1*03 


The data show that in five cases out of seven deficient rainfall in the wet season was 
followed by deficient rainfall in the diy seasons, and that in one case increased rainfall in 
the former was followed by increased rainfall in the latter season. Thus in six cases out 
of seven, a variation in the wet season, positive or negative, was followed by a variation of 
simiiar sign in the following dry season. Hence judged from the above data, the proba* 
bility that a wet season of deficient rainfall will be followed by a dry season of deficient 
rain is considerable to large. This is in accordance with previous experience. 

The following tables give the variations in five large provinces of the field of the 
Bombay current and four provinces of the Bay current, firstly as actuals and secondly as 
percentages of the normals r— 

Table XXVil. 
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According to the data of Table XXVI 1 , the rainfall was in defect in three ojitof 
the eight years of the period in the West Coast, in six years in the Central Provinces, in 
seven years in North Bombay and in all years in Rajpuiaiia. Hence the period was one 
of almost continuous deficiency of rain over the interior districts of the field of the 
Bombay current, including North Bombay, the Central Provinces, Central India and Raj* 
putana. 

The rainfall was in defect in five years of the period in Bengal, in four years In the 
United Provinces and Madras, and in seven years in the East and South Punjab, Hence 
the last named area nas the only district in which the drought or deficiency of rainfall 
was as persistent as in the interior districts of the field of the Bombay current. In other 
words the drought conditions were more persistent, intense and extensive in the 
field of the Bombay current than the Bengal current, and the causes of these conditions 
are to be sought rather in the actions and conditions which determine the advance and 
prevalence of the Urge and massive Arabian Sea current than in the comparatively 
feeble Bay current. 

The following table gives the data of the preceding table expressed as percentages 
of the normal annual fall in each area , — 


Table XXVIII. 





Pkxcehtaos VAKiAiroN Of annual rainfall* 




itjj. 








Mean of 


iBgG 

iSfl 7 . 

1898. 

iSgg. 

190a 

tgoi* 

1902, 

eight 










yc&ri. 

/. Field o/ihe Bmbay ettrreut. 










Bombay And Malabar Coast 
districts 

2 

+ S 

t 

+13 

+ 4 


+ I 

— 3 

+ 3 

— a 

Central Provinces and Berar 

- 9 

+ 3 

^ 7 

- 8 

*"50 

+ 5 

— 3 

-34 

— la 

North Bombay ^ , 


+ 

- s 

- s 

-76 

—12 

-48 

- 3 

—at 

R&jputana and Central India , 

-38 

-38 

-14 

-30 

-47 

0 

-31 

—10 

—23 

North and West Punjab • « 

+ 3 

—32 

+32 

— t 

-36 

+ 14 

+ 7 

-17 

-3 

5. Field o/ihe Bengal current* 
Bengal and Assam . « 

i " ® 

-16 

-f 3 

- t 

+13 

-4 

—10 

+ 3 

-3 

United Provinces of Agra and 
Oudb. 

0 

-35 

+ 10 

+23 

+ 4 

— i 

—12 

-13 

“ 3 

Punjab (excepting the northern 

—21 

! —3a 

—16 

T 4 

— 

-S 7 

+28 

-19 



and western districts). 



-24 

-19 

Madras • • • 

+ 9 

—10 

^ 6 

+ 13' 

-24 

—10 

+ t 

.+19 

— 1 


Assuming that a deficiency of 30 to 32 per cent, in a large area in which the rain- 
fall IS between 15 inches and 60 inches is a drought of moderate intensity, a deficiency of 
33 to 50 per cent, a severe drought almost certain to lead to famine and 50 per 'cent, or 

pSng'd^ar.1 condusioSs from the 

(i) In five out of the eight years the deficiency was over 20 per cent, in large 
areas, m three years over 33 per cent, and in one year over 50 per cent. 
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(а) In the year 1S95 there was moderate drought in the area ificluding North 

Bombay, Rajputana, Central-Jndia-and theR’astPuiliab, de|)endent chiefly 
'or^niirely on the Bombay current. The Bengal current gave normal rain 
' aiid the Bombay currenFaverage rain in the coast and Peninsular districts 
as well as in-the North and West Punjab. 

(3) In the year 1896, the deficiency was more marked in the area of the Bengal 

current than in that of the Bombay current. The rainfall was over 20 per cent, 
in detect over the whole of North-Western and Central India including 
Rajputana, Central India, the Punjab and United Provinces, and was most 
largely below the normal in the United Provinces (35 per cent.) and East 
Punjab (32 per cent.), 

(4) In iSgj the rainfall was generally normal, but was in slight to moderate defect 

in Rajputan.1 and the East Punjab. The rains were generally favourable In 
1898, but Rajputana and Central India continued to suffer from drought 
and deficient rainfall (20 per cent, in defect). 

(5) The rainfall due to the Bombay current in 1 899 was conspicuously scanty, 

tlie deficiency ranging between 36 per cent, in the West Coast districts 
and the North and West Punjab and j6 per cent, in the North Bombay 
division, There was .a more or less complete failure over the whole of the 
interior of India dependent on that current. The Bengal current gave 
normal rain in Bengal, Assam and the Gangetic Plain, but scanty rain in the 
East Punjab. 

(б) The rainfall was on the whole normal in amount and favourable in 1900. 

Both currents ga;e less than their normal precipitation in 1901, but the 
deficiency was small to moderate In amount except in the areas which had 
suilerod most severely in 1899, vis.j North Bombay (48 per cent, in defect) 
and Rajputana and Central India (31 percent, in defect), 

The rainfall was nlso below the normal in both fiekls in 1902, but to a less 
extent than in 1901, It w.is more than 20 per cent, below the normal in 
two areas, vj:., the Central Provinces and Berar, arid the East and South- 
East Punjab (each 24 per cent.). 

(y) The most remarkable feature was the persistent tendency to large deficiency 
of rainfall in the area including Norlli Bombay, Rajputana and Central 
India. The deficiency was ao per cent, or upwards in five out of the eight 
years and .averaged as per cent, for the whole period in Rajputana and 
Central India. 

(8) There was also a marked tendency to the recurrence of drought in the Punjab. 
The deficiency exceeded 20 per cent, in four years out of eight in the East 
Punjab and averaged 19 per cent, for the whole period, 


ti 
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The Table XXIX gives data of the average rainfall variation of each season in the 
^riod‘i895- tgos for nine large areas. 

The data are interesting as shomngmorefully than the previous data the tendency to 
deficiency- of. rainfall in all. seasons in years of drought. This- was noteworthy in 1899. 
They also ■ show more fully than the previous data the abnormal features of the distribu* 
tjoh of rainfall in different parts of India during the period. 

The two following tables give the actual and percentage variations of rainfall'diiring 
the period 1895-1903 at representative stations in Baluchistan, Afghanistan, Persia, Arabia 
and the Euphrates Valley and also atifive stations in the Indian Seas and Ocean 

Table XXX. 



Total of 7 yetiri.^ ^ 
t Total (S ytm** * 
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The preceding data indicate that the winter precipitation of the whole period ’1895* 
1902 was more or less in defect over by tar the greater part of the area including Afghan* 
istati, Baluchistan, Southern Persia, Asiatic Turkey and Central Asia as represented by 
■Kashgar. The winter rainfall of several stations in these areas for the eight years was ; 
below the normal by one to three years’ supply, This was, for example, the case at Aden, 
Jask, Bushire, Baghdad, Quetta, Kashgar and Kabul. 

As already pointed out the agricultural value of the rains depends not merely upon 
their amount, but upon other factors, of which the following are the most important i— 

^(i) Period of commencement of the rains. 

{2) Period of termination 'of the rains. 

(3) Occurrence of prolonged breaks in the rains, 

(4) The character of the falls 'whether chiefly occasional cyclonic down* 

pours or moderate rain at frequent intervals. 

Each of these factors for the dry period 1895.1902 is considered briefly in the 
following discussion. 

The two following tables (Tables XXXII and XXXIII) give the variation in the 
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dates ot commencement and termination -of the south-uest monsoon rams in each year 
of the di)' period j8pj*ipos in fifteen large dlusions, including nine in the Held of the Bay 
current and six in that of the Bombay current t*- 

Table XXXII 



t^OTt ^ 4 tnd etM thil tVr n\*% bc^in nrlbf aft viaiT 
* ibij jfcr iMtf IbiAtiful 


TAtlLE XXXtII. 



Nr/rr 4 ihU ilir f*tnt tndnl littti than utkiti 
M* fn^iutet ifiat 1^4 rtihi (tided cutter iUn uig?) 






















WPOBTANT FEA 7 ,URES of MElEOpQLOGY OF SOPTHERH ASIA> 


Table XXXII!— fOBc/Krflfrf. 



VaniATlOK OP THK DATS OP TESlIINATIOTf OP 1H6 HOKSOOH RAINS FROU tHB KOK31AL OATfi 
tKTiraVRAR, 


I&95* 


Wj;. 

i8j3. 

IBW. 


^1, 

■1 

FifJd Bomhy tumnt 









M&labar , 

— I nwlc 

—3 TTCcks 

— I week 

Notmal 

—a u’cekft 

— R necks 

weelsi 

-1 week 

Konkan 

+3 weeks 

do, 

—I do. 

*fx week 

~l do. 

■-3 do. 

“S do. 

•^4 weks 

Central Provinces. . 

-3 do, 

-6 do. 

-3 Hteks 

weeks 

-4 do. 

~3 do. 

--3 do. 

"3 do 

Central India « . 

-I iscelc ' 

■~i do. 

Normal 

—a do. 

pa do 

Normal 

—1 week 

*^t week 

Gujarat and Kathiawar 

+4 

'-S do. 

+3 ^ecks 

“-1 week 

—8 do. 

Do. 

—1 dor 

Normal 

Rojputana « 

Normal 

-S do, 

+ i week 

Normal 

-S doi 

+ 1 week 

--2 weeks 

{ 

Do. 


+ mdjcattt that lie rains ended liter lliftn usual 
^ indiatesthat the ramE ended eirlter than usunl. 


The chief inferences from the data of Tables XXXII and XXXIII arc 
(i) The date of establishment of the monsoon rains differed little from the normal 
in the field of the Bengal current, except in the United Provinces and' the 
East Punjab in the years 1900 and igol , when the delay ranged from three 
weeks in the eastern districts of the United Provinces tO’One week in the 
Punjab. It is noteworthy ihat there was no prolonged delay in either ^of 
the drought years 1896 and 1899, 

fa) The commencement of the monsoon rains in the field of the Bombay current 
in the years from 1895 to 1899, although slightly delayed in the coast 
districts, occurred on the whole about the normal date in the interior, includ* 
ing North Bombay, the Central Provinces, Central India and Rajputana. 
These rams were, on the other hand, more or less considerably delayed in 
the years igoo, 1501 and igoa by amounts averaging about two weeks in 
the coast districts and three to four weeks in the interior districts in each of 
these years. The delay was on the whole most marked in the year 1900. 
(,'() The termination of the monsoon rains varied far more largely from the normal 
than did the commencement. The rains ceased eaiiier than usual in 1896 
in the field of the Bay current by amounts ranging from two to five weeks in 
Burma, the United Prorinces, Chota Nagpur and Bihar, and by six weeks 
in Bengal. They terminated from three to seven weeks earlier than usual in 
the field of the Bombay current. The crops hence dried off and failed almost 
completely, more especially over the greater part of the Gangetic Plain and 
m the Central Provinces. 

The variations were slight in 1897. In 1898 the rains ended from two to three 
weeks earlier than usual in Burma, Bengal and the United Provinces, 
fn 1899 the rains terminated disastrously early over the greater part of the^ 
new ot the Bombay current, more especially in Rajputana, Gujarat and 
a biawM. They ceased more or less before the normal date in the field of' 
the Bombay current in ,900, and also over nearly the whole of India in rgor . 


/ 
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and'j^a Tttfe ’aefeeldHfidn'iiift'heliSShinatiiih'df fivetaged about 

’two iwtel.fi in IpoJ 'ovet hfearlytHe-frbole'of^IfidiiiJandalsoitbout the same in 
fpoh, blit the range of va'riatioh 'wai gr^te'rTfb'an'ifi 
The following table gives 'data showing the variation dn 'the length of the 
hionsoo'nJraitisiin^diffetent parts ’0l Ihdia diiririg each 6f the yearsojlf the dry 
period 

TABLfe DtXXlV. 


1 

Normal 
length of 

Variation in thb lsngth or thb iionsooh psriqd in 

* > 

woQsooa 

period. 


t8g<$. 

I8g7, 

iSgS. 

i8h> 

igoo. 

igou 

ipn. 

> Fwld of Songal curnnU 

'Lower Bunna 

Wtelcs. 

*22 

Woeks. 

•-a 

Weeks, 

Weeks. 
+ 1 

Weeks, 

Weeks. 

+2 

We^s. 

■ 

Weeks. 

—a 

Upper Burm^ • » 

'21 

0 

—3 

-1 

—1 

+3 




Bengal « * ■ 

3D 

0 


—1 

—3 

-5 

•—3 

-3 


Bihar * . . . . 


+s 

-4 


0 

-3 

0 

-5 


Chota Nagpur « , 


+a 


4t 

0 

-3 




United ProvinceSi East « « 

17 



+1 


-ra 


-5 


tf n West * M 



-4 

+1 

—1 

0 


-5 

+I 

East Punjab , ■ • 

ii 

+ 1 


+3 

+3 

+> 

+1 

^2 


North Madras « * ^ 

25 



"3 

i 

1 -4 

-3 

— z 

0 

Fuid of Bombay eumnt 






L 




Malabar • • • * 

H 


-4 

! ^ 

—1 1 


-3 


V3 

Konltan • ■ • » 

3Q 

+ t 


j *-2 

0 


-6 


-s 

Central Provinces • • 



-7 

-3 

—2 



“S 


bentral India ■ . * 

isl 

“-I 

-d 

0 

—I 

^ 1-2 ■ 

-3 



bujaratand Kathiawar , * 


+4 

"5 

i H-z 

0 




-3 

Rajputana « ■ . ■ » 

14 

0 


+t 

0 

-9 

1 

—2 

-5 



The data of the precedingitable are very interesting as they show that a marked 
feature of the dry period was the late appearance and the early withdrawal (more espe- 
cially the latter) of the monsoon rains and hence the abbreviation of the period of preval* 
ence of the rainfall. The last feature as shown by the data of Table XXXIV was most 
pronounced in the interior districts of both fields, more especially the Gangetic Plain, 
Rajputana, Gujarat and Kathiawar, Central India and the Central Provinces. 

The following are^the more important general conclusions 
(1) The abbreviation of the monsoon was most marked in the interior districts, 

(a) The abbreviation of the monsoon was very marked in the years iSgd, 1899, 
1900, 1901 and 1903 , and was more pronounced in the area of the Bombay 
current than in the field of the Bengal cunent. 

(3) Over part of the area including the Central Provinces, Centra] India and 
Rajputana |this feature of the shortness of the period of the monsoon rains 
was remarkably persistent during the periodi 
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• (4) In the years which departed least from the normal, the coast districts, more 
especially -the KoftlaOj received rainfall normal in amount and character and 
theideficlency was only In the interior, the region of greatest deficiency vary- 
ing to some extent from year to year. 

(5) The year of greatest deficiency was characterized by scanty lEun oVer the 

whole field of the Bombay current, the amount of percentage deficiency 
increasing from the coast districts to the interior, 

(6) The years of greatest deficiency were also years of shortest monsoon rainfall * 

period. This was general throughout bat very marfced in fSpS and 1899 
and most marked In 1899 in the area of greatest deficiency including North 
Bombay, Rajputana and Central India West, and in 1896 In the Konkan, 
Berar and the Central Provinces. 

_ The following table ^ves the number of days on which falls exceeding 3 inches were 
received at certain representative stations during the period and tiie average number of 
such falls per year during the period — ' 

Table .XXSV. 


oroSWSIOHS ON WHICH SUnVaI-I, IV Jj KOVIIS CXCtSDED 
0 INCIICS DOEIHC THE WET SEASCH OF 


REP^BSIMTAirVE 

5TAIJ(H,3 


% rS 97 


ToUl 

1699^ 1900 ipoi IjlQ} *1 
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Table XHXV—cmlu^ed. 



1 

RaPbURHTATiVG 

SrATtOKSi 

NUUDtR OP OCCASIONS ON WHICH RAIKFALL IN S 4 IKIURS EXCPEDRD 

3 INHIES DtIRINO tllC WET SEASON OP 

pRllVI^ICEi 






1 ^ 00 . 

igoi* 

igo 3 . 

Total 

of 

period. 

H 

f 

Hazalribaigli 

1 

6 

3 

6 

B 

3 

I 

0 

20 

2 'S 

AND 

Clnna PDonjee . 

98 ' 

23 

45 

39 

56 

43 

33 

40 

309 

38^6 

( 

Dhubri . 

to 

4 

2 

5 

7 

I 

2 

9 

40 

5*0 

Onitcd PRons'cw 

Allahabad 

t 

0 . 

I 

3 

0 

I 

a 

i 

9 

Vt 

1 

OP ASP 

/Vpa 

0 

0 

2 

0 

0 

■1 

0 

0 

2 

'1 

Oddit. 






■1 






Meerut 

4 

D 

3 

0 

0 

B 

a 

1 

11 


P21NJAK («ccpdftj; 

Lainre . « 

0 

0 

0 

0 

0 

■ 

1 

0 

1 

dll 

1 

ponliftft and 

Rawalpindi , 

j 

0 

0 

I 

Q 

B 

0 

0 

3 

0'4 

cm distncls)* 












Umbilla 

i 

4 

9 

3 

0 

0 

3 

I 

I 

13 

f 1*6 


A conip<irison of the data of the last column ’.viih those of the corresponding column 
for the period, 1S92 to 1894, Table XX, shotrs that over the greater part of the country 
the mean annual number of heavy falls in 24 hours differed very little in the two periods. 
The chief features disclosed by the preceding table arc the scantiness of such falls over the 
greater part of the G,ingetic Plain in 1896, and over nearly the whole of India in i8gg, 
more especially in the coast and hill districts of the Bomhay Presidency. In fact an im- 
portant feature of the 1899 drought was the remarkable absence of heavy downpours in 
the field of the Bombay current. 

The following table gives data showing the average fall per rainy day in ten large 
divisions in each monsoon of the period 1895 to 1902 


Table XXXVI. 



nombnj .md M.-ilalar Coast Distritts 
Ccntnl Pfoiirxcs ,md Rwar , 
North Bombay ■ , . , 

Rajputina .inri Cctilf«l India . 

North and Wcjt Ptinjab . . 

Berma ..... 
Bttif'.il and AEsain , , , 

United Prosinua of Agrn and Oudh 


Punjab (wceplingihc northern and wrtt’ 
em dinricta). 

Madrns ...... 


1, BAIIO or ACTOAl EAlSrAlL nr «ET BaASOM TO MUltnER 

rainfall »*«■ 

per — 

rainy 

day. i807i 
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The preceding data indicate that during the whole period there was a marked ten- 
dency for a smaller amount to fall per rainy day in the interior. This was conspi- 
cuously the case in the Punjab and Rajputana. Thus the average fall per rainy day for 
the period In the West and North Punjab was only o'68 inch as compared with the nor- 
mal o'8i inchj and in Kajputana and Central India o'S inch as compared with 0*93 inch. 

The drought of 1896 reduced the fall per rainy day to a moderate extent in the Pun- 
jab, Rajputana and United Provinces. That of 1899 produced a much larger effect and 
the rainfall per rainy day was 50 per cent, below the normal in North Bombay and 
35 per cent, in the Central Provinces and Punjab. 

The following gives a statement of the more important breaks of the rains in each 
monsoon season of tlie period, It will be seen that the breaks were prolonged and 
serious in the years i8g8, 1899 and 1902 


Table XXXVII. 


Yeir, 

Month 

Perfod nf breaks 

Arcaaneeted* 

Character of break. 

j 1B9S 

July . . 

2nd to iilh 

Nortb*Wc3lern and Central India 

Almost complete. 


PI 1 1 

m\i to 2eih 4 

Ditto ditto » • * * 

Ditto* 

II 

1 

August 1 

nth to j^th or 

Commenced in Rajputana on the nthjOx* 
lo the Punjab, Central India and 
the Central and Onitod PropinCtt Of? the 
171)1. 

Complete. 

tSgO 

1*97 

July . . 

June^July . 

lo 30th * 

lune to 71I1 
July* 

Gangetic Plain 

Began in North-West and Central India 
and the Dttcan on the 34th June and 
extended to Bengal on tbeapib. 

Almost complete. 

Ccmpleto. 

PI 

189S 

September 

June 

‘fiUi to a^th , 

18th to atih , 

North-Western and Central India . 

Coniinere^ in the Pnnjah, Rajputana andi 
Lentral ndmoniheiSth and extended to 
Bcrar, the Central Provinces and Deccan 
on the 31 st and to Bengal on the !stli. 

Almost complete! 

Complete! 

>1 

‘*99 

August 

1 

1 

' 4 

Sth to *Bh . 

i 

The Punjab, Rajputana and the Deccan 

More or kss eomplcle drought prevailed over 
^ tite greater part of the area dependent on the 
tfoniOai current from July to September. 

Almost complete! 

1900 

It 

ig&t 

July . . 

August , , 

Septuniber 

i*th to a£th , 

23 rdlo 30 ih . 

iflih to a [St or 
sand. 

North-Western India . 

• • t 

Ditto and Central India 

‘SSd'c.S.n^Sf"®' 

Almost complete. 

Portiah 

Almost complelOt 

igot 

11 

J“M . . 
August . , 

•7th to atnh . 

3 "! W tSih « 
igtb. 

Over nearly the whole oi the interior of India . 

— 1 

Ditto* 

Ditto. 
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Rainfall in certain regions outside the Indian area. 

Rainfall in Aiistralia, South Africa and Central The following gives a sura-- 
mary of the rainfall data for representative stations in Australia, South Africa and Central 
Asia, for which data are available in the Indian Meteorological Office 

Table XXXVIII. 



Statioh, 

Actual variation or 

RAINFALL 07 FlKlDl). 

1893-4 

iSSS-Koi. 



Inches, 

Inches. 


Perth 

- 4 'OS 

- 3 - 5 J 


Adel a dc 

+ 3*63 

-n)‘ 49 t 

AVStRJtLlJl 

Melbourne 

— 3'30 

— io' 8(5 


S}dney * 

+ S'38 

- 32 * 31 ^ 

L 

Brisbane South . ■ . , 

+18*33 

—18*34 

f 

Cape Town (R03 a 1 Observatory) , 

+ ^43 

-i 2 - 35 § 

South Afhiu . . I 




1 

Queenstown , , . , 

+ii '39 

- nvS 

Jata . « « . 

Batavia 

+ 19*33 

+10-89 


' Samarkhnnd 

— o'8j 

+ 0-8 i§ 


Tashkent 

— a'go 

+ 3 SiS§ 

Ccktral Asia r , 

Astrakhan » * * , 

-* 4*07 

■1- 4 ' 09 § 


Baku 1 ■ • « « 

+ OMI 

— o'i 4 t 


, Tilltf 

- 670 

+ fi'BoS 


■ TvUl Uircc ^eari, t live yciii. I 1 out tno yeari, 5 1 qUI of Ai yean* 


The data available in the Indian Meteorological Office for these areas are very limited 
in amount, and are also in several cases incomplete for the period. 

They establish that the general contrast between the precipitation of the two periods 
1892-94 and 1895-1901 which obtained in India extended to Australia and South Africa. 
In the whole area (taking into consideration the corresponding data given in pages 
214, 229 and 230) the precipitation for the period 1892-94 was more or less in excess 
over the very large area including Persia, Baluchistan, Afghanistan, India, Tibet, South 
and East Africa, Mauritius, Australia, and the Malay Peninsula (as represented by Singa- 
pore) and was in more or less general defect over the same areas in the period 1895-1901. 
in other words the area including these countries which are directly and mainly dependent 
upon the Indian Ocean Ifor their rainfall was characterized by the same general features, 
Trrf., increased rainfall in the years 1892— 94 and diminished precipitation in the period 
189^.1^01, The data for the stations in Russia, Turkistan and Central Asia on the 
other hand clearly indicate that that area was marked by variations opposite in character 
to those of the Indo-Australian and East African region, Hence, so far as can be judged 
from the imperfect data available, the Central Asia winter anticyclone area defined the 
northern limits of the area of similar rainfall condilions in the period 1892-1902 under 
discussion. 
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I 


Rainfall in Abyssinia as irdicaUd by the Nile Floods . — The rainfall in Abyssinia 
and the Central Africa Lake region is indicated more or less clearly by the height of the 
^Nile floods, 

The character of the Nile floods during the period 1893-94 is given in the following 
table !— 

Table XXXIX 


VXAft. 

ClukTflder of tb& 
NiloPknl 

A£suati>SEiptQinbtr« 

1 * 9 * 

1(93 * * • * 1 * « 4 

189^ • • * * 1 • » • 

Latfe but very higb 
flood 

Nortnol flood > 
flood » « 1 

ii,8qo cubic tneires 
per second- 
do. 

10,900 do. 


The normal or average discharge in September when the volume of water passing 
Assuan is greatest is 9,050 cubic metres per second. The preceding data thus establish 
that the Nile floods were on the whole largely above the average height during this 
period, and hence that the rainfall in the Abyssinian Plateau and, perhaps (as indicated by 
the discharge in April, May and June of these years, especially 1893) rainfall in the 
Equatorial lake regions also was considerably above the mean, The following gives data 
for these months : — 

Table XL 




Apnl 

Mayf 

IQH 

189a 

380 

nfio 

390 

>893 

1,530 

650 

5 io 

i* 9 '( 

490 

450 

S30 

Mean of 30 yeaw , . , . 

570 i 

4 Sf 

570 


' The two following tables give corresponding data for the dry period. Table XLI 
furnishes information of the general character of the Nile floods, and also the mean dis- 
charge as measured at Assuan s- 


Table XLI, 


VBAa. 

Qaract^ of llic 

Nile Flood 

Mwa discbai^ge, Assuw, 
jn September. 



Probably noftnal , 

lOpO^fl cubic metres per second* 

1*95 

Normai , , 

10-300 » „ 

'897 ..... . 

Belotv , , , 

8,600 „ „ 

«®98 

Probably nonnal , 1 

»-o 5 o „ „ 

>809 ..... 

Much belciv , 

8.1S0 „ 

•900 ... . , 

Belott , . , 

7.800 

•901 . 

Below , 

*.400 h 

•90* 

Much below , , | 

6 '«o 
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The data of the last column show that the mean discharge was below the normal 
(9,050- cubic metres) in five out of the eight years, and that it was in very large 
defect in 1899 and 1902. In 1899, the Arabian Sea monsoon was feeble throughout 
the viliole period, and in 1902 was very weak during the first half of the monsoon penod. 
The data hence indicate that during the greater part of the period the rainfall nas more 
or less considerably in defect in the Abyssinian catchment area and also that there ” 
was a close parallelism between the precipitation in that area and in the field of the 
Arabian Sea current in India. 

The following table gives the mean discharge at Assuan in April, May and June of 
■the same years 

Table XLII. 


p 

MeAW DISCIIASai:, AuUAN^ CQSIC UITIBS PfiRBBCOKD IN 

April. 

Meyi 

JdDCt 

189s 

930 

SSa 

780 

1896 ...... 

830 

690 

690 

’897 

730 

690 

690 

I89S • . , . . . 

410 

3B0 

3 S 0 

1899 • . . . j 

930 

iSio 

570 

T9OO 

170 

170 

990 

: 7901 . . , , t . 

3 SO 

3 « 

3S0 

7902 

330 

ago 

330 

Me^in of 30 yean . « . • 

570 

450 

570 


The data indicate that the discharge was greater than usual in these months of the 
years 1895, 1*96, 1897 and 1899, and hence that during these years the rainfall in the 
Equatorial lake districts was perhaps in citcess. 

The discharge was considerably less than usual in the years 1S98, 1900, 1901 and 
1903. The data for the year 1900 are unique, and the smallness of the discharge from 
the Equatorial lakes in that period is probably an additional result of very scanty 
rainfall as indicated by the September discharge at Assuan, and also by general inform* 
atlon over the whole of East Africa as well as in Abyssinia during the south-west monsoon 
of 1899. 

General character af ihewatker and rainfall in South Africa during ike period i 8 g 6 * 
ipo 3 based chiefly on tuformaiton supplied by Mr, D. Huiekins, Conservator of 
Forests, 

1895-6.—" The absence of the south-east trades in the Cape throughout the summer 
of 1895-6 {i.e,, November 1895 to March or April 1896) brought drought, scarcity and 
locusts to the bulk of the continent where the usual summer rains failed." 
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1856- 7.—'' The strength of the south-east trades was in excess of the normal up to- 
the first week of January. Thence to the end of April the trades were below normal but 
stronger than in the same period last year. Heavy rain fell in the first week of May 
along the south-east coast, causing disastrous floods .at Port Elizabeth. The south-east 
trades rainfall was abundant up to Christmas and from thence to April irregular; deficient 
over considerable areas and in excess in others. There was continued heavy rain during 
January in the eastern districts of the Orange Free State, The south-east rainy season ‘ 
lasted longer than usual, but terminated about the middle of July." 

1857- 8.—" From July 1857 a late and unusually prolonged winter obtained with 
curious wintry breaks during the following summer. Snow fell on the mountains at mid- 
summer (December). The spring (September to November) was unusually cool nithCeariy 
heavy rain. The range of mountains nearest the sea was in March and April iSpSisnow- 
capped and a few miles further inland at Dra Reustein the mountains were covered nith - 
snow down to about a thousand feet above sea-level South Africa received on the whole 
favourable rain during the summer." 


1898-9.—" Weather was phenomenally cold in Southern Africa in July 1898, ' bitterly 
cold weather’ being reported from all parts of the country. The summer rainfall was 
normal or in slight defect in the early part of the season, but in February 1899 heavy 
general rain commenced and the rainfall of that month was heavier and morejgeneral than 
for some years past, and terminated the drought which had prevailed more or less over the 
whole area of south-east trades rainfall in South Africa for several years previously, At 
the end of February followed weather such as has not occurred for at least a quarter of a 
century. Heavy rain continued to fall ai intervals during the remainder of summer and 
autumn and apparently set up conditions which brought thunderstorms and wlnterlrains to 
immense tracts, where for many years past only summer rains have prevailed. Normally 
the Karoo, the Free State and the Transvaal are watered almost exclusively by sun mer 
rains. This year winter rains have prevailed right through the Karoo, across the Orange 
River and far into the Kalaham Desert." In fact abnormally heavy and untimely rain fell 
rom May to August 1899, in which the rains failed so conspicuously in India and when 
c ear dry cool weather as a rule prevails continuously in South Africa, 

* ^99 19*^0.“- The weather from November to April resembled the summer of i8q 5.6, 
but the failure of the south-east trades was less marked. In the Cape Peninsula there 
were light-unseasonable rains during the whole summer, and to it is ascribed a somewhat 
ea y summer^ and an unusual plague of mosquitoes. The south-east winds were 

““*'"“‘'''Tra«skeitliarsTO 
*‘S«'>«"ta»dKny.nataic tains tto 

.Sawthr;'::,'”' 7:"'°' 

• 1 “ «Bsl momlam ran^ The 'a '“”5’"''*'’'^ tanglhe lattetpart of summer, over 
■teSdenevrreZTTj e ™ ” November. The tclal 

cent, of the uormal mi., j"^i 5 ™ " *' l’“’ 
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” In the Transvaal the rains were very light and in Rhodesia they were scanty as 
■compared with the preceding year.” 

igoo-i.— "The weather of South Africa in this period presented many abnormal 
features. During October tlie weather was nearly norma), tliough drought at the 
■eastern stations indicated a slightly delayed arrival of the south-east trade. During No- 
vember heavy south-casters began to prevail, and gave rainfall chiefly to the western 
■stations of the colony. During December the south-casters blew with terrific force in 
■the Cape Peninsula and at the western stations, and gave excessive rainfall in the south- 
west of Cape Colony and extending right across the sub-continent to Salisbury. On the 
shores of the False Bay the south-east wind was stronger than at any time since 1895. 

" Early in January, however, there came a change ushering in the peculiar feature 
of the season. During that month three depressions, altogether abnormal for the time of 
the year in their deptii and strength, passed across the colony from cast to west. These 
depressions were deeper and stronger than occur even in winter. (The summer depressions 
in South Africa arc usu.illy shallow and weak). The first of these deep depressions 
passed during the last week in December. Abnormally heavy rain, altogether unpre- 
cedented for the time of the year, fell. For example, five inches of rain fell in 24 hours 
at Kenilworth near Cape Town, This is the largest fall on record at that station. The 
rain was equally heavy in proportion nil over the south-west of Cape Colony. This was 
followed by the advance of another depression nearly as remarkable. Rain again fell in 
torrents in Cape Town and the suburbs. This abnorm.il weather continued during 
January. Remarkably low temperatures prevailed during January and February as the 
result of the abnormal .storms and rain. During January tlic average rainfall at seven 
selected average stations in the Cape Peninsula w.as sixteen times the normal, This 
heavy rain extended inland over the south-west of the continent. It flooded rivers and 
ruined the vine crop. At Ceres there fell seventeen times the average ; at Drakenstcin 
near Paarl, twelve limes the average. The south-east of the colony, on the other hand, 
showed a dcficicnl rainbill, though not to a great extent. 

" From February to April, the weather was normal with slightly stronger south-east 
wind than usual, bringing good rains to all that part of the continent watered by the south- 
east trades. The weather from the middle of April to the end of July was characterized 
by a somewhat early decline of the soulh-c.ist trades anti by the early setting in of winter, 
at least two weeks earlier than usu-al witli the appearance of a deep depression of the winter 
type and heavy rain on the 1 jth, 

'■ The rainfall during the period was largely in defect in the western, southern and 
■eastern districts of South Africa, but in excess in the northern districts including the 
Karoo and Rhodesia and perhaps the Transvaal." 

jgot-a,—" The South-East Trade winds were generally steady, but not strong from 
November to March, Tlic rainfall of the period at the Cape was seventeen per cent, in 
•excess, at the wcslcm stations of the Colony nineteen per cent, in defect, in Natal seven- 
teen per cent, in defect, in Oningia fifteen per cent, in defect, and in the Transvaal and 
Rhodesia In slight defect and in the Eastern Transkei abundant early in the season but 
deficient later. In April the weather was similar, but with weaker south-east trades. The 
rainfall of the month was in considerable to large defect everywhere. The rainfall was in 
'defect in May to an equally large extent." 
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The latest information concerning South Africa (received from Mr, Hutchins, Decem- 
ber 1903,) IS as follows 

, In the Karoo the present drought is considered to be the worst during the past half 
century. At Hanovar (Upper Karoo), during nearly a year there has only fallen three quar- 
ters of an inch of rain, the normal yearly fall being 15 inches. The drought has lasted on 
and off since 1896 and during the worst years cattle and sheep have perished by mil lions. 

In British Central .Africa the drought has lasted since 1S9B, It is reported that the Shire 
Lake is now nearly dry. Last summer’s crops in the Transvaal, sorely needed S'fter the ■ 
war, were a complete failure. In Natal, Rhodesia and the country to the north there was 
in many places famine. The local conditions and indications are fortunately favourable 
for an early termination of the drought." 

Period and intensiiy of dr&ii^ht lu Amtralia, as indicated iy tnformatioii extracted 
from nempapers.—kccorirng to statements in newspapers the period 1895-'! 902 was 
charactenzed by as great a deficiency of rainfall in Australia generally as in India and 
the drought apparently intensified throughout the period and was most severe m ipoi-a. 
The following extracts from Australian newspapers show the intensity of the drought s— 
1902.—" New South Wales is now experiencing the seventh year of almost continuous 
drought. It is estimated that the colony has lost in these seven years of drought no 
fewer than fifty million sheep, worth la^ millions sterling, nhile the loss in other ways is 
mcaiculcible. In the New South Wales Parliament, the leader of the country party 
declared in December 1902 that since Australia was populated by Europeans there had 
been no such serious drought as the present " 

“ The effects are worst in the inland districts of New South Wales and Queensland. 

It is estimated that the total wheat shortage in Australia is 13,000,000 bushels, of which 
New South Wales has lost 6,500,000. South Australia is the only state without serious 
shortage. Evidence of distress is accumulating. Families in parts of Quet'iAluud are 
livmg on bran and treacle, bought originally as a makeshift food fur sheep. Necessaries 
are increasingly scarce in the bush, where meat and vegetables have to be obtained from 
the coast." 


' It is officially calculated that there were at the end of 1902 only 20,000,000 sheep lelt 
in New South Wales, compared with 60,000,000 five years ago. Squatters have dismissed 
t e bulk of their employes, retaining only a few hands necessary to burn the carcases of 
sheep and cattle where they have dropped dead in the paddocks, which in many cases 
present a spectacle of ashheaps, the result of burning the dead animals." 

'In 1901 the Coonamble district grazed 1,357,182 sheep, 8,244 cattle, 0084,871 
horses. Now the cattle and horses 'together number less than one thousand, and Om 
s eep a poor, emaciated animals— less than half a million. The reductions, however, are 
4 ^ i!^ to better country, The Bourke district in 1891 possessed 

td ii ILtni!’ 

stock alive ^|0°0 hardly covering the cost of keeping the 

stock ahve, There was also a corresponding decrease in cattle." 

svs 5s bIassL^^ a f '=°"’Pares bis diocese to a great Saliara. The country, he 
but iven r t 1 . ' ? of saltbush.' 

tt W fieia/ol whit, cliffs near 

port of Hdcanma are dependent on water carted from the Government tanks nin<i 
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miles distant. The Bishop adds that there are a million less sheep in the neighbourhood 
than at the beginning of tlie year owing to deaths 'and removals." 

The extracts show that the drought was most severe in the interior districts of the 
continent, as was also the case in India, and that its most serious economic effect was the 
almost entire loss of the cattle and sheep. In this respect also the parallelism with- 
India is complete. 

In the appendix are given extracts from* the Famine Reports compiled by the two 
Commissions appointed by the Government of India to investigate the phenomena and 
economic eflects of the droughts of 1896 and 1899 in India. 


Abnormal features of temperature, humidity, cloud' pressure ‘and 

SOLAR RADIATION IN INDIA DURING THE PERIOD l80a']9O3> 

The following gives a summary of the chief features of the annual variation of the 
elements of metcorolo^cnl observations, including temperature, humidity, cloud, pressure, 
solar radiation and ground surface temperature during the period i8gii*i^02. 

Temfera/ure.—The temperature data for the period are of considerable interest. 

The following gives a brief summary of the data followed by a discussion of the more 
Important features. 

In Table XLIII below are given the actual variations of the mean monthly tempera- 
ture, month by month, for the period of the whole of India from the normal (calculated 
as the arithmetical means of the corresponding data of about 350 observatories). In 
Table XLIV the monthly variations have been smoothed by the application to successive 
months of the formula • 

3 

where a, b and c are three consecutive values and ^ is the smoothed value of the middle 
term (b) : the annual v.inations have here been smoothed by applying to successive jears 
the formula 

a+2b+c 
Tadlc XLltl. 
































The followitig gives the eumhef of times in each month, the actual variation vras 4 'o 
or more 


January 4 times. 
February 5 „ 

March 4 „ 
Aptil 3 „ 
May 3 „ 


June s times, 
August I time. 
October 3 times. 
November a „ 


The largest variations of temperature during the period occurred from January to 
April, that is, in the cold season and the early part of the hot weather, This is in accord* 
ance irith the experience of the past thir^ yhars. 

The largest actual negative variation was 4“’! in February 1893, and the largest posi* 
tive variation 3''a In April 1892. The largest annual variations were--i®'3 in 1893 and 
+ l'’‘3in 1896, 

Figure S, Plate 1, represents the march of the smoothed annual variation of temperature 
from the normal in India from 1890 to 1902. The curve indicates that temperature on the 
mean of the year was approximately normal in India from 1890 to 1892 and fell below to a 
slight extent in 1893 and 1894, the minimum occurring in 1893. It increased above the 
.normal m 1895 and was above it by nearly equal amounts annually from that date to 1902, 
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The curve shons that the smoothed annual temperature of India had a maximum value in 
1896, a very feeble minimum in 1898 and a maximum, probably in 1903, 

The monthly variation data in Tables XLlI I and XL IV indicate that temperature 
Tras below the normal during nearly the vhole period from June 1892 to the end of 1894 
or the period of increased rainfall. The deficiency was marked and persistent throughout 
the year 1893, * e, of greatest excess of rainfall. 

The mean annual temperature of India.during the dry period 1895 to 1902 was, on 
the other hand, persistently above the normal. The actual excess was greatest in the 
j’ear i 8 g 6 and was also large (over i®) in 1900 and 1902. 

The most important feature of the dry period from 1895 to 1903 undoubtedly was 
that temperature was in excess in all raonihs of each of the years of the period almost 
without exception. The excess was hence not seasonal but nas general and common to 
the whole period. 

This peculiarity is clearly shown by the variations for each season of the period. 
Table XLV gives the actual variations from the normal for each season of the period on 
the mean of the nhole of India, and Table XLVA gives the smoothed means obtained by 
the application of the formula to the corresponding seasons of successive years 


Table XLV 


y(At. 

ACTUAL VARIATION' FROM NORMAL OF MEAN irMPERATUHE. 

^ViiOLC India 

Ymr 

Mtat) 
and Ifbniiv} 

ITot ircitber 
pniod ^Urch 
to Maj 

South ifuf* 

in<inv> 3 n 

penod June to 
Oaober, 

Retmtlnc 
ecolft fTcst 
monwn 
pcn»f» 

hWmberand 

December, 

Etira Trap! 
tal India. 

Tropical 

hdia. 

beds lodia 




D 
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• 

■ 

n 

mM 


1890 

1 * 


■H ’3 

+ 0'4 

-06 


H 

—01 

4 o« 

1891 

f • 

* 

-0*6 

*-I 2 

■fo ’5 

+0-9 


+03 

0 


• « 


+ao 

+ 3 J 

-0‘J 

^09 

+10 

+01 

40 -; 

1893 

* • 

• 

- 3^1 

-19 

-08 

+0 t 

-16 

—09 

-13 

1S94 

• • 

« 

+ 11 

+03 

-03 

-0 2 

0 

+0*3 

+01 

I'Ses 


* 

+03 

+ 0-4 

1 

+01 

+t*a 

+ 0-4 
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* ■ 
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+20 
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* 
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Vbak, 

SMOOTHED VARIATION FROM NORMAL OF MEAN TEMPERATUREi 

WHCtB iHDIA, 

*YEAyi, 

Cold weather 
period, lanuaiy 
andFebrpary, 

Hot weather 
period, March 
to May. 

% 

South-west* 
monEooii 
period. June to 
October 

Ketreatloc 

south-west 

monsoon 

peiioJ, 

November and 
December- 

. . 

Extra Tropi- 
cal India. 

Tropical 

IndiOi 

Whole lodb. 




0 

c 

0 

e 


• 0 

• 

1B90 

• ■ 


+ 0*9 

+ 0*3 

—0*1 

+orj 


+0*1 

+0*3 

1S91 

« ■ 


+ 0-5 

+0’I 

+0'I 

+ 0*4 


-|.0'2 

4 0^2 

1892 

t 1 


+ 0*1 

+ 0*4 


-^0*2 



0 

t «?3 

• ■ 


— o*B 

- 0-3 


“0‘2 

“0'6 

- 0*4 

- 0-5 

18 

• • 


“ 0*3 

— 0'3 

- 0*3 

+0*2 

-0*3 

0 

—0*2 
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• « 


+07 

+0 8 

+ 0*3 

+ 0*9 

•f-o'S 

+0*6 

+0*6 

lfi0 

* • 


+n 

+r 3 

+07 

+n 

+0-9 

+:*o 

+ro 

i8« 

■ « 



+ r2 

+0'S 

+0-8 

4.0*8 

+ri 

4ro 

1B99 

t ■ 



+ 0^9 

+07 

+o-p 

+(r8 

*fo 7 

+0*8 

1*99 

* * 



+0*8 

+o '9 

+>■4 

+0'8 

+o*g 

+0*9 

1900 

« 1 



+07 

+ I'D 

+ I-S 

+07 

+1*2 

+ V0 

igsi 

• * 


+0 8 

4 07 

• + I‘0 

+ro 

+07 

+n 

4.07 

1942 

w ■ 


+ I'0 

4-0 6 

+09 

+ 0-3 

+07 

+08 

+0’8 


The preceding data show that the actual temperature of the Indian area was below 
the normal in seven out of the twelve seasons of the period 1893-1894, and was in excess 
in all seasons except two (the cold weather periods of 1899 and 1901) during the whole 
period 1895-1903. The variations were hence (as might be expected) more marked and 
persistent in the dry than the wet period, the usual rule in India. 

The seasonal data of the preceding Table XLVA are plotted in Figs, i tb 4, ‘Plate 
A comparison of these curves with the curve in Fig, 5 of the same plate representing 
the annual variation suggests the following inferences ; — 

(i) The curves for the four seasons agree closely in their forms (1. e./ in the 
epochs and character of the critical phases) with the curve of the. annual 
variation, Thus all five curves have a well-marked minimum for the year 
i 893, and an equally strongly marked maximum in 1896-1897. The monsoon 
curves (Figs. 3 and 4) agree with the annual curve in having a feebly mark*’ 
ed minimum in 1898 and a feeble maximum in 1900, The co'rresponding 
cold-weather minimum was in 1899 and the following maximum in 1903. 
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Tbe hot weather curve differs more largely from the annual curve than 
atiy of the other seasonal curves. This is in accordance with the fact that 
the meteorology of the hot weather period in India depends more largely 
upon local conditions and less upon general and external conditions than 
that of the remaining seasons of the year. , 1 . 

(9] A comparison of the temperature curves (seasonal and annual) with the cor* 
responding rainfall curves, Plate III, Figs, i to 5, shows that they agree 
closely in their epochs, but that the phases are opposite in character. 

(3} Similarly the comparison of the curves in Plates I and II indicates that the 
temperature curves are more or less exactly the inverses of the- cloud and . 
humidity curves. 

(4) The total amplitudes of the variation during the period are greatest for the 
cold weather season and least for the south'west monsoon period (June to 
October). 

The mean temperature cun'c for the wlioic of India is obtained from the data of a 
large number of stations at which the conditions, more especially those of rainfall and cloud, 
differ very largely. The following data of seven stations, for which solar radiation 
da a and curves are given later and for 'four additional stations, will indicate roughly the 
extent to which those general variations are modified in different parts of India. 

Table XL VI gives the actual annual temperature variation and Table XLVII the 
smoothed vanaiions for the eleven selected stations;— 


Tablb XLVI. 





Actual vaikiatio^ or ue>k tiUrtPATURs ih 

Statioh* 


jEpDb 


jEp7. 

iSM- 

>?«• 


iSpp 

isp;. 


> 8 ®. 

I 

1 >»>■ 

i 

jpoi< 






0 

Q 

e 

« 

e 

• 

a 

0 

fl 

( 

0 

0 

Lth « 

m » 

* 

+3*0 

-V} 

+5*0 

+ 0 'S 

+ 0 'I 

+ 0-1 

■fo'S 

"0*9 

•fi'4 

-O'p 

+0*3 

" 1*0 

•HO'i 

Simla , 

* t 


+o'3 

-08 

+tr 7 

-n 

-n 

-O'l 

+ 0^8 

— 0*9 

- 0*2 

"0*4 

—1*3 

"1*4 

-o-j 

Lnhorc 

« S 

k 

•I-03 

0 

+5*1 

"0*5 

+07 

+J-B 


-t-r? 

+2*4 

+ 8'6 

+ i'S 

+ 1-9 

+3*6 

Jaipur ■ 

■ ■ 


+ 0-8 

+03 

-t-l'S 


+ 0*1 

+ri 

+3*1 

+n 

+1*9 

•t 2'8 

+ 1*8 

+ 2*0 

•ia’3 

Allahabad 

■ -t 

» 

“- 0*6 

— 0*6 

+n 

" 1*8 

+ 0 ‘l 

+ 0*1 

+3*1 

+1*4 

-0*3 

— irj 

+0*5 

+0*5 

+ 0 -S 

CalciiliA t 

• * 

* 

-O'l 

+ 0-1 

+0*3 

"1*4 

+ 0*4 

+ 0*2 

+ri 

+ 0 *; 

"0*1 

+0*6 

+1*6 

+0*9 

+o'S 

N&epar 

• • 

« 

+0*6 

0 

j + ro 


+0*3 

+<>‘S 

+2*3 

+3*0 

+0*4 

+3*0 

+3*4 

1 

+0*4 

■h2-o 

Bombay 

« • 

• 

-0*1 

+C'2 

+0*4 


1 0 

+0*1 

+1*3 

-C*l 

+0*9 

+0*5 

+0-15 

ho'S 

+ i‘7 


« » 


—0*1 

+0*5 



1*0*3 

+0'J 

'+rs 

+1*5 

+0*3 

+0*1 

Ui'S 

+0*5 

+o’.9 

Madras 

• * 

■ 


1+0-4 


"□5 

+ 0 1 

-0-2 

+0*4 

+0*7 


—0*4 

+o'6 

+0*5 

+o-2» 

Aden < 

• ■ 

• 

I 

|+o’4 

1 

B 

+o'6 

+o'5 

1 * 

+0-6 

1 

+07 

1 

+0*8 

+«^4 

+0*4 

1 

+o’8 

+0*6 

+ri 


■ Mean of tp mOQlhi. 


t I* ' » 
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Table XLVII. 


SudOTlIfiD VABIATJOM FKOM hORUAL qP MEAN TKMPERATORC IW 


StATtOK. 

1890. 


1892* 

rS9J. 

> 94 > 

1S95. 


iBgy. 

1898* 

] 8 g 9 > 

1900 

1901* 

1902. 




0 

fl 

B 

a 

0 

0 

a 

0 

0 

a 

Q 

0 

0 

Leh . 

1 t 


+ 13 

+ 0*3 

+0*8 

+09 

4 1x3 

+0*2 

+0 1 

+0*3 

+oS 

+0 2 

- 0*4 

-04 

— 6*7 

Simla 

e • 


+o '4 

—02 

-07 

-I'S 

- 1'4 

-0*1 

+0*2 

- 0*3 

-P 4 

-06 

—1 1 

-ri 

- 0*9 

Lahore 

■ • 

■ 

+0-4 

+06 

+09 

+05 

+09 

+ 34 


+2*2 

+»5 

4 2*9 

+23 

+ 2’l 

+2*1 

Jaipur 

• ■ 

• 

+ 06 

•to6 

+ o ‘3 

“O'o 

—01 

-1 1 

+1-6 

+ 16 

+ i'0 

4-2 3 

4-2 I 

+2 0 

+ 1*9 

Allahabad 

* • 



-0*2 

— o'l 

—0*6 

- 0*4 

+0*6 

+ 1*4 

+ 1*2 

+0'J 

0 

+ 0'3 

+o*s 

+0*4 

Calcutta 

1 # 


+0^1 

+ 01 

Lo‘U 


-0*1 

+0S ' 

+08 

+06 

t- 0‘3 

1 

+ 0*7 

4 1*2 

410 

+07 

V 

Nagpur 


< 

+0*6 

+04 

1 

+o'i 

—06 

— oa 

+ 0*9 

+1*8 

+17 

+12 

fi 7 

4-18 

413 

+ 1*2 

Bombay 


4 

0 

+ 0*2 

1 

+0'1 

1 

— n *3 

—0*1 ! 

+o ‘4 

406 

+'^•5 

4 0 C . 

+06 

+0-6 

+oS 

+ 0*9 

Belgaum 

4 9 

P 

+ 0*3 

+0 3 

1 

-03 

1 

-0*7 

-0*4 : 

+o '4 

4-rt 

+ 10 

+04 

+ 0*5 

•fD '9 

4 0*9 

+0*6 

Madras 

« • 

1 

— 0*5 

- 0*3 

- 0*3 

“ 0-4 

—01 

0 

+03 

404 

-o-i| 

0 

■fo ‘4 

+o’S 

+0*1 

Aden 

■ « 

t 

^01 

+02 

+03 

+ 0*4 

l+n6 

4-0 6 

+07 

+07 

+ 05 

+«5 

407 

+0*8 

+0*8 


The smoothed values have in this table been obtained from the actual by means of 
the formula Curves plotted from these smoothed data ate given in Plate IV 

for the eleven stations. The following inferences are suggested by an examination of 
these curves. 

The curves for these stations differ very considerably according to distance from the 
sea and other circumstances. Simla, Allahabad, Calcutta, Belgaum, Nagpur and Bombay 
agree fairly closely with the exception that the amplitude of the variation is much less for 
Bombay than for the other stations. The chief features of the curves for these six 
stations are a deepish minimum in 1893, a large maximum in 1896, a feeble minimum in 
189S or 1899 (on the average) and a feeble maximum near the end of the period. 

It is very noteworthy that the Leh curve is practically the inverse of the Simla and 
India curves, having a maximum in 1893, a minimum in 1896, a maximum in 1S9S and a 
deepish minimum in 1903, As the Simla curve is similar to the plains curves, itsampli*' 
tude of variation being as large as that of either Lahore or Allahabad, it is very probable 
that the 'mversion of temperatuie shown by Leh as compared with Simla or India is not an 
effect due to elevation (and obtaining at the same height over the plains of India) but is a 
phenomenon of the period over the area including the Tibetan plateau and perhaps 
Central Asia generally. 

The curve for Madras has a small amplitude or range of variation and is similar to 
the Belgaum curve and hence generally to the Indian curve in the epoch of the maximum 
and minimum phases, 

The Aden curve is interesting. Temperature at that station waS above the normal 
during the period 1892-1903 as at Lahore. There is a feeble maximum in 1896 and 
minimum in 1899. 
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The preceding discussion has indicated clearly the most important Features of the 
-miean temperature conditions of the period. Temperature was slightly lower than usual 
during the wet period from 1 892 to 1894 and was more or less considerably above it during 
-the dry period, The variations in each of these periods were common^ with few excep: 
-tions, to every season of the period, and also to each month. They were remarkably 
/persistent and independent of seasonal conditions. The period of increased temperature 
was unusually prolonged, obtaining from 1895 to 1903 (at least) or for upwards of eight 
years. The variations were similar in character throughout the period over the whole of 
the interior of India, both at the plains and hill stations, but probably did not extend to 
“Central Asia or (perhaps) Aden, 

. Absolute Humidity or Aqueous Vapour Pressure. 

The two following tables give data of the mean annual and seasonal variations of the 
-aqueous vapour pressure from the normal (derived from the results of 50 to 80 stations) 
for each year from 1890 to 1902 tor the whole of India, The first table (Table XLVIII) 
gives the actual or crude data, and the second table (Table XLIX) smoothed data 
obtained by the use of the formula 

The data of the last column in Table XLIX, giving the smoothed variations for the 
whole Indian area, are plotted in Fig. 5, Plate II, and the data of the Erst four columns 
giving the seasonal variations are plotted in Figs, i to 4 of the same plate. 


TADLE XLVIII. 


Year. 

Actvac. variation fRou rroRUAL or AasoLtrre uttuiDiTv (whole inoiAj, 

CoM 

perfo^ jAnimry 
and FeLruaryi 

Tlok ite:ilhcr 
petiod, March to 
May» 

Sdulh-wost raon- 
eoan period^ 
Jnacto October. 

Rctreatinc GOcth* 
west monsoon 
pcnodi Novem- 
ber and Decern* 
ber* 

Whole year. 






* 

M 


a 

- 

1890 

• 


• 

1 

013 

+' 0 D 3 

--*010 

+01S 

-'003 

t8gl 

» 




•^*003 

-f'OOl 

-•MS 

—■006 

—*007 

iBgJ 

1 

V • 



+*ooj 

—■007 

+■007 

—■026 

— ‘om 

1893 

« 

« i * 



— ■M 4 

+•017 

+'00 f 

+•015 

+"007 

1894 


i t * 



+'034 

' '009 

+■017 

+*016 

+013 






+'017 j 

+*014 1 


— *on 

+■093 



1 fc t 



1 

^'030 ! 

1 

— *014 1 

-on 

+ 006 

-•oio 

«B 97 

» 

. 

* 


+-o »4 

*01 1 

-^•016 

-*019 

+•005 

IB9B 



1 


^'020 

—•030 j 

+■001 

— '003 

— ’ODp 

1899 

• 

* • ■ 

• 


“'036 

+'008 

“*033 


-■036 

igoo 


* * * 

i 


“O08 

ws ! 

+'005 

+•015 

+*003 

1901 

• 

• • 4 

t 


f*032 

+'001 

—'003 

— 'oo8 i 

+■003 

igoa 


i • » 

t 


“’OI9 

+*007 

+ *006 

+*UI3 ^ 

+■003 
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Table XLIX. 


• 

SkOOTIIED VASlAtlOH FBOH HOflUAL OP ADSOLUTP HUMfD 

iTT. 

Year. 

Cold neatlicr 
pcnodi laniury 
and Februaty» 

Hot vyealhcr 
ncnod March lo 
May* 

; 

Sodih-ttesi tnoa- 
^oonpenodi Jane 
to^October. 

fteCreatitiE 
irest monsoon 
period^ NdvaM" 
bar 3hd Deceoi' 
bar. 

WhoU y tart 


9 

9 


4 

* 

iBgt) 

-*005 

+‘003 

— 'ooC 

+ 003 

-■003 

1891 

-*003 

—*001 

-008 

—‘006 

— ooS 



+‘003 

+•001 

0 

-•on 

* *-*001 

1893 

+‘odB 

+-00S 

+*007 

+•005 

+*oa5 

1894 

roao 

i 003 

4**008 

+'oo9 

+‘0Q9 

1S95 

+ 0W 

+'001 

0 

0 


1E98 . , , , . 

0 

—•006 

- 002 

•"MoS 

-■oog 

iSW 

+•003 

-*014 

+ ood 

—*009 

— C03 


-*0I1 

"Oil 

"‘004 

— 021 

— 010 

1899 

— 030 

—•00a 

-‘0(5 

—‘027 

-^iS 

1900 . « 1 4 I . 

—‘005 

0 

“™*oo6 

-*009" 

-^005 

SpOI « 1 4 f 1 t 

+■004 

+*aot 

+’002 

+‘003 

+*003 

1902 • f ■ f ■ ■ 

* 

“OO4 

-‘003 

+'007 

— 001 

1 

• +*001 


A comparison of the curve for absolute humidity, Fig. s, Plate H, with those for cloud 
and rainfall (Plate I, Fig, lo, and III, Figs., 5 and to) shows that they correspond closely 
in ihfeir chief features. The curve for absolute humidity has a large maximum in 1894 and 
a large minimum in 1899, and has a small or secondary minimum in 1896 and maximum in 
1897. The epochs and amplitudes of the variations of the three elements are in fact 
similar. 


The seasonal variations given in the first four columns of the tables show a marked 
tendency to the same phase of variation in each season of the year during the years of 
large excess or defect. Thus in each of the years 1893 and 1S94, the absolute humidity 
was in excess in three seasons out of lour, and m the two remaining seasons the variations 
(negative) were small in value. Similarly, m each of the years 1S96, 1898 and 1899 the 
absolute humidity was below the normal m three out of the four seasons, and the positive 
variations in the remaining season of each of these years were so small as to be of no- 
significance. 
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The following table gives corresponding data for each month of the period: — 


Table L 
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The data indicate, as might be expected, (i> that the sign oi the maximum'-vanation 
infanv year is the same almost without exception as that of the mean variation of the year, 
(sUhat large variations bccur chiefly in years of great dryness or dampness and (3) 
that the negative variations (accompanying greater dryness) are mnch larger in amount 
thairthe positive variations. This is further indicated by the data of the following table 
giving the annual variability as determined from the monthly variations, r'.s„ the sura of 
the variations irrespective of sign divided by twelve 

Table LII. ” 



The large estimates or values ol the variability in 1899 and 1896 are noteworthy. 
The following tables give data of ihe mean annual variations of the aqueous vapour 
pressure for eleven stations, typical of the whole Indian area 



Table LIII. 


Actual VAKtAnON or ahkual iiban Agucous vapour pukssurb rtiovi morual ih 


Jjiipor 
Allahabad 
Calcutta 
Bombay 
leh . 


l<agpur ^ 
Bclgaum , 


• -019 —'036 -*007 — »oo8.--*a22|-'o24 

! 

i foi4 —'Mil — *M7 +'(aB +*033 +‘009 —‘009 

. -*003 -‘•034 +*001 +‘033 +*014 —'030 

• -'039 +’02 -■044 +-001 +*032 —'001 — '073 
+•016 “-045 -'049 -'04I -'•033 -*oss -'015 -’013 -*o34l“'oos 
“*015 ™ * 4 ^ ~‘oio — *048 — '019 — '02g — 'floy —'023 — Y)I5 --'047 

I +‘007 +’003 +'016 +*005 +*017 ^'003 P 
, +’0II -'ooB —031 -*0.7 0 -'013 -*045 

p 

. +'oi6 -006 +‘011 ^..036 +'034 +.082 +-O07 

. +'006 “•016 -■003 -'OOfi -'003 +'006 -'012 

• +*048 +-047 +•032 +'049 +*045 +<028 +'033 
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Table LIV. 


CiLu 


SuOorHED VAKUTION Of ANKVAL UEAtl AQUVOUS VAFOUft PKBgSURK fROU MORUAL tH > 


rioH* 

iSgo. 

1^1. 


1893 

i8w. 



jSg;- 


1900. 

rpeif. 

rgoj. 

Simla « 


4 

—'020 

* 

— 029 

-030 

r 

—'01 6 
p 

V 

— Oil 

tf 

—*019 

n 

—'021 

n 

—■017 

•f ft 

-’019 —-023 

p 

—•023 

II 

-024 

If 

-'027 

Lahore 

* * • 

+*oofi 

—*017 

—'014 


+'026 

•f'QIl 

^001 

— ool 

— *011 —*017 

—*001 

+•005 

+■004 

Jaipur. 

t 1 • 

—♦006 

— *012 

-003 

+ 013 

+'oi8 

+•008 

—’00$ 

-■013 

—*027 — 'oafi 

-‘□13 

— 014 

—*021 

Allahabad 

« • • 

woao 

—'010 

-’old 

—■005 

+■011 

-’013 

-‘038 

“'020 

— 'oog ^’015 

—•006 

0 

—■oil 

Calcutta 

■ ■ » 

-*007 

-•031 

—'046 

—•041 

—•040 

-'047 

— 040 

—•026 

—*022 ’—•006 

+■006 

-■003 

-*012 

Bombay 

■ f ■ 

-■023 

—’029 

—•029 

-'03 1' 

— 'ozg 

“*02I 

— ’qi6 

1 

-■017 

"‘025 -03a 

-*023 

—■007 

0 

Leh . 

f • ■ 

+'oo6 

+*008 

+‘0II 

+*011 

+'009 

» 

j 

E 

+•002 +*003 

Q 

—’006 

-008 

Aden . 

# • * 

! 

+‘003 

— -009 

— 'oa2 

-'OI6 

—*008 

— 'oiB 

_fl 3 i 

-*026 

—*021 — '025 

—•016 

—•010 

p 

Nagpur 

1 

+‘005 

+*004 

+'014 

+ ‘030 

1-'047 

+ 05 ' 

+ 033 

+'014 

-015^*037 

^•017 I 

— *001 

— 012. 

Belgaum 

• w ■ 


— ’007 

-'007 

-'095 

-•003 

—•003 

— 010 

-•oia 

-*on -'021 

-•013 

+'on 

+ ■017 

Madras 

• • . 

+•050 

+■044 

+■040 

+*044 

+•042 

+’034 

+ 037 

+ 042 

+'030 +’021 

+‘034 

+'043 

+’ 04 S 


The data in Table LIV are derived from those of Table LIII by the formula 

lt+3t+g. 


The curves of the eleven selected stations for this element (charted in Plate V) 
present large differences. The Simla, Lahore, Jaipur and Nagpur curves agree closely in 
their general form, and probably represent the law of variation over the whole of the 
interior of North-Western and Central India and the North Deccan. The curves have, 
with one or two slight exceptions, maxima values for 1894 and igoi and minima for 1891, 
>1896 and 1899, the last being the absolute minimum for Nagpur and Lahore. The curve 
for Allahabad differs in the epoch of the absolute minimum during the period which is in 
1896 and not in 1899, this contrast corresponchng with the greater intensity of the 1896 
drought than the 1899 drought in that area. 

The curves for Calcutta and Bombay differ widely from those of the interior stations. 
Thus at Calcutta the aqueous vapour pressure was below the normal during nearly the 
whole period, the deficiency being greatest from 189] to 1896, and most pronounced in 
189a and 1895. At Bombay it was a minimum in 1893 and a maximum in 1 8g6, and hence 
opposite in phase to the variation of these years in North-Western and Central India and 
the North Deccan, 

It hence follows that when the south-west monsoon in r893, 4 gave unusually 
abundant rain in the interior and an excess of aqueous vapour pressure on the mean of the 
yearat Lahore, Jaipur, Allahabad and Nagpur, the aqueous vapour pressure was a minimum 
at Bombay and'Calcutta. The minimum at Allahabad in 1896 corresponds in the same 
way to a maximum at Bombay and the minima' at Lahore, Jaipur and Allahabad (and also 
Bombay) m 1899 to a maximum at Calcutta in 1899 and 1500. These inverse relations 
are interesting for several reasons, more esp.ecially as indicating a contrast, between the 
aqueous vapour pressure.variations in the coast districts and the interior of India and 
between the variations in the fields of the two monsoon currents. • 
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f 


The Aden curve agrees closely with the Jaipur and Lahore curves, having maxima in, 
1894 and 1901, and mimuia in 1896 and 1899, and hence follows the general law of vaiia- 
tion of the precipitation due to the Arabian Sea monsoon current. 

The following gives a brief summary of the chief features of the variation of the 
aqueous vapour pressure in India from the normal in 1892" 1902 •— 

The annual variation of aqueous vapour pressure from the normal on the mean of the 
whole Indian area during the period {nide Fig. 5, Plate 11 ) represents 'an ‘oscillatory 
change of long period, the amplitude of which is *02 " The epochs of the minimum 
values or of the greatest deficiency of pressure were 1891 and 1899, and of the maximum 
values 1894 and (probably) 1901. The drought period of 1896 is very feebly represented 
by a small depresflon on the curve (or feeble secondary minimum). The curves for the 
cold weather season and the monsoon period or wet season are almost identical in general 
form with the annual curve, the phases being similar and the maximum and minimum 
epochs occurring, irith perhaps one exception, in the same years. In other 'words, the 
variations were the same in general character in the cold weather as in the rains— a 
most important feature. The curve representing the hot weather law of variation differs 
greatly from the other three seasonal curves. This is an additional confirmation of the 
statement made in the preceding discussion on temperature that the meteorological con* 
ditions in India during the hot weather are chief!)' dependent on local conditions and not 
on the larger and more general conditions which determine or accompany the abnormal 
features of the remaining seasons of the year. 

An interesting feature brought out by the discussion is the opposition between the 
variations of the amount of vapour pressure in the lower strata of the air in the coast and 
interior districts, and also between the fields of the two branches of the monsoon current. 

iJefnfive The following tables give the actual and smoothed values of 

the annual and seasonal variations of the relative humidity from the normal for each year 
of the period 1890-1902 for the whole of India (deduced from the data of 50 to 80 obser- 
-vatories) 
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Table LVI. 



SMOOTHED VARIATION FROM NORMAL OF RELATIVE HUMlDlTy. 
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The smoothed data in Table LVl are obtained from the data of Table 'LV by 
the* use of the formula 

♦ I ^ 

The data of the annual variations (Table LVI) are plotted in Fig. 10, Plate II. The 
curves for relative humidity present the same general features as the corresponding curves 
for absolute humidity (Fig. 5, Plate II), cloud (Fig. 10, Plate I) and rainfall (Fig. 5, 
Plate III). The relative humidity curve for the whole of India has a well-marked 
maximum in 1S93 and a deep minimum in 1899, and a feebly Indicated minimum and maxi- 
mum in 1896 and iSpy* 

The seasonal variations (actual and smoothed) are given in the first four figure 
columns of Tables LV and LVI, The smoothed data are plotted in Figs. 6 to 9 of 
Plate II. The curves indicate that the smoothed humidity was in excess in all seasons in 
1893 and 1894, the actual increase in the actual mean humidity being greatest in the cold 
weather of 1893 (+7). In the dry period from 1895 to 1902 the actual mean humidity 
was for all seasons normal or in defect in six years, vtz., 1896-1900 and in 1902, The 
most noteworthy feature during this period was the great deficiency in the south-west 
monsoon period (—6) and the retreating south-west monsoon period of i8gg (—10), 

Hence the important conclusion that the variations of the mean relative humidity of 
India tended to be similar in character in each of the four seasons of each year. In the 
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wet period 1893-4 the smoothed humidity was generally in excess in every season, and 
in the dry period from i895’i902 the humidity was in defect in each season almost 
without exception, and hence, in accordance with the general law, that in years of marked 
variations of the meteorological conditions from the normal in India there is a very strong 
tendency for to be the same throughout the year, 

The following tables giving actual and smoothed variation data for eleven representa- 
tive stations in different parts of India show approximately the amount of local variation 1 
the type of variation from the genera! humidity conditions in India during the period 


Table LVIl. 



Table LVIII. 
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The data o( the preceding table are plotted In Figs, i to 1 1, Plate VI. 

The cun'ES lor the eleven stations agree in their general form closely with the cor- 
responding absolute humidity curves (Plate V), and it is hence only necessary to point out 
very briefly the chief features for the period 1893 to 1902. These are 

(i) The curves for Simla, Lahore, Jaipur and Allahabad are similar. They have 
maxima in the years 1S93 ’^94 1901 and minima in 1S96 and 1899. 

In all the curves the first maKimura mentioned is well marked. The 
absolute minimum is in 1896 for Allahabad and 1899 for Lahore and 
Jaipur, Tills difference corresponds with the rainfall variations at these 
stations^ Allahabad being in the centre of the drought area of 1896, and 
Lahore and Jaipur being more affected by the drought of 1899 than 
Allahabad. 

(s) The air nas drier than usual throughout the whole period at Bombay and 
Calcutta. There uas a well marked minimum at Calcutta in 1896 and 
maxii.iu n 1899, At Bombay the variations were small, the only promin- 
ent feature being a minimum in 1S99. The Aden curve is, on the whole, 
similar to that of Bombay, but with a larger amplitude of variation. 

Clottd,~-Tii^ variation of the amount of cloud during the period presents features 
similar to the variation of rainfall. 

The following tables give variation data (actual or crude and smoothed) of the whole 
Indian area (deduced from observations at 50 to 80 stations) for the year and also for the 
four seasons of the year 

Taoie LIX. 
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Table LX. 


1 

YCARr 

smoothed mean variation from normal of cloud amount# 
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The data of the first four and last figure columns of Table LX are plotted in Figs. 6 
to to, Plate I. 

A comparison of the curve, Fig. lo, Plate I, giving the annual variation for the whole 
period 1892-1902 with the curve showing the annual variation of the mean rainfallof India 
(see Fig. 5, Plate 111 ) establishes 'that they agree in all their more important features. 
The following gives the chief agreements 

(i) Cloud was in excess from 1890 to 1893, corresponding to the wet period. 
There was a large and well-marked maximum of cloud in 1893 or 1894 
corresponding to the period of greatest excess of rain. 

(a) Cloud in general was below the normal from 1896 to igoa. There were two 
periods of actual minimum cloud amount, 1896 and 1899, separated by 
a very feeble maximum in 1897, The absolute minimum was in 1899. 
The epochs of the maximum and minimum values or phases and the 
amplitudes of the variations of cloud and of rainfall correspond closely. 

(3) An examination of the curves giving the seasonal variations shows that there 
was a marked tendency to similarity of variation throughout the whole year, 
more especially in the years of most pronounced features, Thus, the 
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smoothed mean ctoud amount was in excess in every season of the year in 
1893 and 1894, years of large excess of precipitation, It was, on the other 
hand, normal or in defect in all seasons in 1898 and 1899, and in three 
seasons out of four in 1896 and 1897, Also the absolute maximum of the 
variation of the actual cloud amount of each season was (apart from the 
exceptional November and December of 1S96) in the year 1893 or 1894, 
and the absolute minimum in 1896 or 1899. 

The preceding discussion has shoan that rainfall aas characterized by a similar 
feature^ tis, that the variations a ere the same in character in the dry as in the wet sea* 
sons nr periods of the years of largest excess, and also of the greatest deficiency of rainfall, 
and hence that the causes of these v.aHations .arc to be sought in more general actions or 
conditions than those of the south*acst monsoon period only. 

A comparison of the curves for humidity and cloud shows a parallelism not only for 
the annual but also for the seasonal variations. Hence the important conclusion that the 
variations of the amount of aqueous vapour present in the air during the whole period 
were similar through the lower and middle atmospheric strata up to the field 0! condensa* 
lion in both wet and dr)' se-isons, ».<*., to .at least 20,000 feet in the former and 30,000 feet 
in the laitcr season. 

The following tables give actu.al .and smoothed values of the annual variation of the 
cloud amount for each year of the period 1890*1902 at eleven stations typical of the whole 
ol India gcnfmlly. Table LXI giics the actual or trade dala and Table LXll the 

smoothed data (by the cmplo)nicnt of the formula — 


Tantr LXI. 
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Table LXIl. 
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The data of the preceding table are plotted in the curves of Figs, i to 1 1, Plate VII. 

The Simla, Lahore, Jaipur, Allahabad, Calcutta, Nagpur and Belgaum curves agree 
in their general form, and probably represent the variation of the cloud amount for the 
interior of India (except the southern half of the Peninsula) during the period under dis* 
cussion. These curves, whilst differing in the amplitude of the oscillatory variations, agree 
in the epochs of the critical phases, All these- curves show a maximum of cloud in 1893 
and 1894, a minimum in 1898 or 1899, a maximum in 1900 or 1901, and a rairiimum 
(probably) in 190a, The Allahabad curve shows also a minimum in 1896. 

The Bombay curve agrees generally with those for Northern India, more especially in 
the 1893-94 maximum and the t898-99 minimum. ■ • 

The Leb curve differs considerably from the Simla and Lahore curves, the most 
important feature being a fairly steady diminution of cloud amountfrom 1890 to 1902, The 
Aden curve is a well-defined curve of large amplitude, in which the phases are the 
opposite of the Indian curves, although the epochs of the crifical periods are identical, 
ma, 1893, 1896, 1899 and (probably) 190a. ' 

PmjKW,— This element of observation is of the greatest importance, as it undoubt* 
6 y t tows some light upon the abnormalities ot the air movement during the period, 
t appears to be desirable to give some eiddence of an important principle of Indian 
homogeneity of the long period pressure variations over 
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The following table gives annual v.ir 5 ation data for the period 1890-1902 of nine 
representative stations:— 

/ 

table LXIII. 
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The following inferences arc based on an examination of the preceding data 
(i) The mean Bnnu.ai vamtlons arc uiunlly small tjuanihies, 

(a) The sign or cliaractcr of these variations was the same for all stations, or for all 
stations except one, in seven years out of the thirteen, 

(3) The annual Viirialions were very small, and within the limits of the probable 
error (assumed to be 'oo/) doe to the various causes operating in the 
rcgistwlion of barometric observations in a considerable number of eases. 
Also only ten per cent, of the variations exceeding '003" in amount were 
of the opposite sign to tlie sign of tlic majority of cases in each year. 

(,() Hence the gcncr.nl conclusion that the long period ]wcs.surc variations which 
are disclosed by the baromciric observations in India arc usually common 
to the whole of that large area, and arc hence a general and probably an 
important feature of the meteorology of that area. 

Similar conclusions follow from an examination of the monthly variation data. It 

M 2 
















IMPORTANT FEATURES OF METEOROLOGV OP SOUTHERN ASIA, 
ffill be sufficient to give tbe data for the same stations for each mohth of the typical'years 


1893, 1896 and 1899:— 


Table LXIV. 


Actual mean monthlv vAttlAfiOK or 8 a-Vi PHESSORe, 
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An examination of the data sIiobs that in 1893 the variations were of the same sigti 
(or were unimportant on account of their smallness, *>., less than *006'’) in five months out 
of the twelve, in 1896 in six months of the year, and in 1899 in six months. Also the 
disatpancy hetween the signs of piessute vatiafirms in ihe remaining months shows a note- 
worthy consistency, the great majority of the stations agreeing, the opposite sign^ or 
variation in the remaining cases being due to local variations accompanying local or 
provincial variations of temperature or rainfall 1 of the variations in the preceding table 
which exceeded -003" only about t8 per cent, differed in sign from that of the majotity of 
the variations of the month in which they occurred. The data hence indicate that in any . 
year or any month of a year it is at least an even chance that the variations of pressure 
(usually small in amount) will he the same in character over the whole Indian land area, 
only differing to a moderate extent in amount, ,, ^ ' 

The principle is of the greatest importance, as progress in this and similar enquiries 
depends largely upon the correct interpretation of the variations of thfe air movement in , 
the middle and upper atmospheric regions over, India from the normal, and this can only 
he done at present from pressure and cloud (and perhaps rainfall) observations, 
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It may perhaps be pointed out that changes of pressure are due largely to air more* 
ment. The energy utilized is chiefly that of solar radiation directly or indirectly transferred 
or transformed first into the potential energy of the air pressure and afterwards into the 
kinetic energy of moving air masses. There appears to be too great a tendency to 
assume that abnormalities of the weather are explained when accompanying abnormal 
pressure conditions are shown to be present. An explanation in such an enquiry or dis* 
cussion as the present can only be considered adequate wlicn it shows variations in 
the amount and character of the air movement over the area affected, and assigns also 
some physical cause for these variations. 

The fundamental enquiry in the present discussion is undoubtedly the variations 
in the direction, intensity, and character of the great air movements over India and the 
Indian Ocean, ft may perhaps be possible in the distant future to work out this 
more or less fully by means of kites, balloons, etc. This is, however, not possible at 
present and it is hence necessary to employ indirect methods. Tlie only element of 
observation which throws much light on the subject is that of pressure. 

The air pressure at any given place is undoubtedly dependent on the actual density, 
temperature .md velocity of movement at tlic place. It is in a state of constant fluctuation, 
due chiefly to changes of density and temperature, these either giving rise to or resulting 
from air movements over the neighbourhood tip to the limits of atmosphere. The question 
as to how far pressure is modified by the velocity of the air has not yet been deter* 
mined by meteorologists. Theory undoubtedly shows that in a fricltonlcss fluid with 
velociiyand force poienlials pressure at a point diminislics .ns the velocity increases if the 
density and tempL-raturc be tnaini.ained constant. Probably a similar relation obtains in 
a viscous fluid. To what extent this is true for the ordinary viscous atmosphere can only 
at present be conjectured. 

It is practically or actually .assumed by meteorologists in ihcir theoretical discus* 
sions that the pressure of the air on or nc.ir the wrlh’s surface, or .is it is usually expressed 
the pressure of the .lir per unit .ire.i, is equal to the weight of llie superincumbent mass 
©fair over horizontal unit surf.icc3t the place where the pressure is measured, and hence 
th.ilacliangeo[ pressure Implies necessarily a corresponding increase or decrease of the 
mass of the superincumbent air. 

It would be very desirable loascertain whether the principle enunciated in the preced- 
ing paragraph is true 

[a) In the case of the long period variations of pressure in India which are usually 
of Comparatively small amplitude, 

(i) In the rase of sJiort period v.iriiilions of mrjderate amplitude, c.g., the diurnal 
oscillation, 

(c) In the case of the rapid (luclualions that occur during tlmnderstonns, cyclonic 
squalls, etc. 

The principle is very probably true within the limits of the probable errors of observ- 
ation of .lif pressure for (a) .ind (A), but is .ilmost certainly not true for {c). These 
inferences from theory arc apparently in accordance with, and are perhaps confirmed 
by, the follotting evidence!— 

(i) The occasional remarkable persistency of the long period variations of the same 
sign in India. I'or example, pressure wtis in excess over the Irtditin area from 
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September >876 to August 1878. It appears to be extremely improbable that 
this should be a mere dynamic eiiFect. 

(a) The more prominent features of the vertical pressure anomalies, which are in 
the great majority of instances in India in accord with the ordinary explana* 
tionof the effects of increasing temperature on the vertical distribution of 
the mass of the atmosphere over a given area at different levels. 

(3) The fairly regular oscillatory character of the long period oscillations and their 
similarity in epochs {and therefore of periods) and amplitudes over very 
large areas in the Indo*oceanic region, 

The following gives the results of the examination of important pressure conditions 
and misihns in the JWian monsoon area daring the period under tke' 

heads 


(i) Long period oscillations or variations of pressure, 

(3) Vertical pressure anomalies, 

(3) Hot weather variations of pressure. 

(r) ioMg pfj'pii ^m'a/ms of pmmre from ;^po-/poj,— The importance of these 
long period variations in India was shown in my memoir on “A preliminary discussion of 
certain oscillatory changes of pressure of long period and of short period in , India " (Indian 

Meteorological Memoirs, Vo!. VI,). The present section is virtually a continuation of a 
portion of that paper. 

The following tables give actual and smoothed data of the mean monthly variations of 
pressure from the norma] in India (derived from the 8 A.M. means of about 228 observing 

stations). The smoothing process is carried out by the formula , uhere n, i 

and f are three consecutive crude or actual values, and jS is the smoothed value of the 
middle term (i) 


Table LXV, 
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Table LXVI 
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TKc dau are plotted in Fig, 1 o( Plates XIV, W and XVI 
A bncf oxamrmtion of tlie (fata sliotts at once the persistence for more or less pro- 
longed periods oi pwclicill) conimuous mcrciscd or deficient pressure o\cr the Indian 
area. The follonmg is .'isummar) of these periods during the twelic je,irs iSgi to igoa. 
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The epochs of change from one phase {excess to deficiency, and vice vers^ for the 


whole period are given below 

December-January • * iSpT-J 

May-June 1893 

Jaauaty-Februaty , , . . . .... 1894 

Oetobei>NDvember . • . . . . , . • .1894 

Dtcembe>]anuaty ..... .... 1893-6 

JuIy-AupU .......... 1896 

Decemba-Januaiy ......... , 1896-7 

June-July 1S99 

May-June 1901 

Deceoiber-January ..... . , , , igoj-a 

June-Jul} 1903 


There is a remarkable consistency in this feature, four out of seven cases occtirringin 
January and tro in June, the former virtually at the commencement of the dry season, 
and the latter at the beginning of the south-west or wet monsoon. 

The preceding data hence indicate that the changes of pressure conditions from 
a given phase to the opposite almost invariably occur either at the commencement of 
the dry season or the wet season. 

The data further indicate that the pressure changes are of the nature of Jong period 
oscillations. Their character is confirmed by the long period oscillations of the vertical 


anomalies. 

Figs. 2, 3 and 4 of Plates XIV, XV and XVI give curves showing the vertical 
pressure anomalies for three pairs of stations, vts., Leh and Lahore, Simla and Ludhiana, 
and Quetta and Jacobabad, month by month for the same period. The data from which 
these curves are plotted will be found in Appendix C , Nos. 26, 2) and 28. 

An examination 0! these curves shows that they present long period oscillations of 
the same periods, but of inverse phases, the maxima of these vertical anomaly curves 
corresponding in time with the minima of the India variation curve, and vice vcrsS. ' 

The long period oscillations of the vertical pressure anomalies are usually of larger 
amplitude than the long period oscillations of the pressure anomalies of India, The 
amplitude of the former is roughly proportional to the difference of elevation of the pair 
of stations, and is hence throughout much greater for the Leh-Lahore pair of stations 
thoD for the other two pairs. The most noteworthy of the oscillations of the vertical 
anomalies during the period 1891-1902 are (ist) from March 1891 10 February 1893, the 
amplitude of which for the Leh-Lahore pair was over two4entlis of an inch('2‘'}, and (and) 

from January 1901 to April 1903, the amplitude of which for the Leh-Lahore pair was 
approximately '15". 


It was also stated in the memoir that the south-west monsoon rainfall in any year i 
on the mean of the Indian area generally in defect when the period coincides with th 
first half or the period of rising pressure of a long period oscillation, and that the lainfa 
IS m excess when the period coincides with the second half or period of decreasin 
pressure of a long period oscillation. The dry years of 1896, 1899 and 1903, and th 
years 1893 and 1897 of increased monsoon rain are fairly in accordance with th 

in moJantenonnrd 

mlh tb.t of ft. previous ,5 ye,,, lomuis^j 


J 
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The preceding data confirm llie inferences (wrftf page 1 16 of my memoir), viz./ 
“thereare well defined pressure oscillations of small amplitude and long period in the 
Indian area. Their esisience is indicated even more clearly by the pressure observations 
taken at the hill stations in Northern India up to the level of 1 1,000 feet, than by the 
obsen.’ations taken at the plains stations. The periods of these oscUUtiotvs vary, hut all 
are very approximately multiples of the natural division of the year determined by the 
great atmospheric movements over India. The maximum and minimum epochs of the 
oscillations occur at definite periods of the year clearly related to the great atmospheric 
movements in India. The primarj- minimum epochs, for example, occur near the end of 
the south*wcst monsoon period or at the beginning of the dry season, and the primary 
maximum ne.ar the end of the cold weather or north-cast monsoon in March. These 
oscillations arc also directly related to the distribution of the seasonal rainfall in India." 

In the memoir it is also pointed out that the mean pressure variations of the Indian 
area under discussion are probably due in part to gcncr.al actions and movements over 
the Indian Ocean and Indian monsoon area and in part probably to local actions and 
conditions in India or Southern and Central Asia, and that the former can be separated by 
a general consideration of the data for ibe hill stations and for the Indian Ocean. 

This method Iws heen employed to determine the former part of the variations 
.md is shown by the dotted curves in Fig. i, Plates XIV, XV, and XV!, where the full 
or continuous line represents the data ol T.able LXVI. The epochs and periods and 
amplitudes of the long period general oscillations during the period under discussion, as 
determined from the dotted or free hand cuDi'cs, were as follows 


tr'ocfr* cr ttfta ffnaft osettuTtox. 



Apl'minAiepeiiod 
of CriCithlion, 

March tS9t • # • 

March 1G71 , . * 


Mveh >873 * » • p 

May . 

7 year*. 

May • 

March iB{)6 * « « 

a 

March * 

March 189S « « 

3 

Drcffnbcf • * 

July . 4 , 

2\ yciTI* 

Jt^nu^ry » 

January Itjw, , . 

Hjcani. . 

March 1903 • * * * 




K the long period oscillations were due to a larger or smaller exchange of air between 
Southern Asia and the Indian Ocean accompanying the great atmospheric movements 
and their seasonal changes in those areas, it would follow that an increase of pressure due 
to that movement in southern Asia would accompany decreased pressure in the Indian 
Ocean, and vice versd. It was sliown in the memoir that the pressure variation at 
W.iuritiu3 from 1S77 lo >88(j presented long period oscillaiioiis or variations of similar 
period but opposite phases to the pressure variation in India, and hence of the same 
period and phases as the variations of the vertical anomalies for the hill stations in 
Northern India. 
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Pressure variation data for Hongkong, Mauritius, Batavia and Perth are given in 
tables numbered 29 and 32 to 37 of the Appendix, and are plotted in Figs, i to 4 of Plates 
XVII, XVIlIandXlX. 

The Batavia curve generally agrees with the Mauritius curve, the only Important 
difference being that the amplitudes of the oscillations are much smaller for the former 
than the latter. Both curves exhibit minima In March 1892, January 1895, November 
1898, April 1901 and December 1902, and maxima in July or August 1893, August 1896, 
December 1899 and December igoi. The oscillations were hence of long period, the 
first of 3 years, the second of 4 years, the third of 2^ years, and the fourth of 
years. The Mauritius curve is approximately similar in phase and character to the 
Idia curve from 1891 to igoo, and hence inverse to the vertical anomaly curves, 
whereas from 1901 to igo3 it is inverse to the Indian curve and similar in phase and 
period to the vertical anomaly curve. 

This suggests that the most important factor in determining the long period oscilla- 
tions from 1892 to 1900 was not the variations in the ordinary seasonal or monsoon 
transfer of air between Central and Southern Asia on the one hand and the Indian Ocean 
•on the other. Some other large factors obtained during that penod, most probably 
movements of a more general character and of greater massiveness and extension. This 
It will be seen is confirmed below by other data. 

The Perth variation data are interesting as they show large oscillations comparable 
with those of the Leh-Lahore vertical anomalies in amplitude. They were of similar 
period and of similar phase to the latter from 1899 to the middle of 1893, but of opposite 
phase from the middle of 1895 to 1901. 

In the too folloiring tables are given (he actual and smoothed annual variations of 
pressure for the period 1891-igoa (so far as available) for seven stations in China, 
Australia, the Cape Colony and the Indian Ocean 

Table LXVIII. 
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Table LXIX. 



data for MauritiuSj Zaniibiir and llie Seychelles will be found in Plate XXII. These 
cun-esarc vtr)’ interesting and deserve careful study, more especially in comparison with 
the corresponding cnn'c for mean India. 


The most important features arc the following:— 

(i) .K remarkable dcrtcicncy and minimum of pressure in the year 1893 of exces- 
sive rain in tltc Indian region over the large area represented by the 
stations of Bainvia, Sing.iporc, Tape Town, Perth and Adelaide, and hence 
probably over the .southern Indian Ocean and adjacent land area. Accom- 
panying this was an excess or maximum of pressure in India and at 
Zanzibar, Mauritius, Hongkong .and Zika-wei, and hence probably over the 
whole of Southern Asia. This contrast of the pressure variations between 
the arc.'is north and south of the equator is in accordance with the experi- 
ence of the period 1875-1889. This feature is very clearly shown by com- 
parison of the curves in Plate XX. 

(3) A slight to moderate excess of pressure in 1896 at Batavia, Singapore, 
Adelaide, the Cape, Mauritius, Zanzibar, the Seychelles, Hongkong and was 
normal at Perth and in (he Indian area on the mean of all stations. This 
feature was hence exhibited in arc is north and south of the equator. 

(3) A large and gencr.al dcriciency of pressure in 1898 over the. whole area includ- 

ing Southern Asia .and the Indian Ocean, The deficiency was as marked 
at Hongkong and Zika-wei ns at Perth and Adelaide and was nearly as 
large on the mean of the whole Indi.inarca. It was very slightly exhibited 
at the Cape, but ranged between 'os" .and '03" at Batavia, Hongkong, Zika- 
wei, Perth, Adelaide, Mauritiu.s, tlic Seychelles and India. 

(4) A general slight to moderate excess of pressure in 1899 over the same exten- 

sive area similar in character and extension to the excess in 1896. 

N 3 
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The period from 1895 to igot hence presents the same phases of pressure variation 
over the Indian Ocean and Southern Asia (so far as is indicated by the available data), 
The usual relation based upon previous investigations is for the pressure variations in 
Southern Asia to be of opposite character or sign to those of the Indian "Oceanic 
region Hence it is evident that during the dry period, from 1895 there were 

disturbing actions of great magnitude which gave rise to large general variations of 
pressure probably over at least half the Eastern Hemisphere. The data at present' 
available give no indication of the region in which the opposite and compensatory 
variations of air mass and pressure occurred. It Is hence almost certain that the period 
1895-1901 was in this respect unique since the commencement of systematic observations 
over the Indian area in 1875. 

The following conclusions follow from the preceding discussion and previous investi- 
gations !— 

/j/.— That there are well-marked pressure oscillations of long period over the 
Indian area. 

That they are directly related to the largest and most Important featured of 
the weather in India, vis,, the chararter and distribution of the precipita- 
tion of rain and snow in the Indian monsoon area. ' 

^rd . — ^That they are also directly related to the great atmospheric movements over 
the Indo-oceanic region (t. e., Southern Asia and the Indian Ocean) and 
neighbouring countries. 

That these long period oscillations appear under ordinary condili^s to he 
chiefly dependent upon slight fluctuations in the seasonal interchange of 
air between the regons north and south of the equator in the Indo- 
oceanic area, i 

That the long period oscillations and general pressure variations were 
unique from 1895 to 1901, and were due to more general and extensive 
actions which produced effects similar in character and amount in 
the Indo-oceanic region. 


Verhcal ammalUs of the period in relation io cold-mother ratnfall in Northern 
n la and winter snowfall tn the W estmi Himalayas : — The following gives a summary 

ot the data necessary for the discussion (the complete data will be found in Tables 26 to 
28 of the Appendix C) 
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An examination of the available data establishes that in the years 1893 and 1894, for 
which the cold weather vertical anomalies were generally negative, the accompanying 
precipitation was in excess over the whole of the Persian region and in North-Western 
India, and the snowfall in the Western Himalayas was more or less largely above the normal. 
Also in the years 1892, iS9(}, 1899, n'eather vertical anomalies 

were positive and large in amount, the precipitation over the same areas was markedly 
below the normal. 

The following summarises the more important inferences:— 

(a) in the dry season the vertical anomalies (unless small in amount) are generally 
of the same sign for the period November and December as for the following 
period January and February. 

(i) Hence as a rule in at least two years out of three the character or sign of the 
anomalies in January and February can be inferred from those of November 
and December. 

(c) Periods of negative anomalies (especially when large) were also periods of 
increased svinter or cold-weather precipitation. This was very marked in the 
cold-weather periods of 1893 and 1894. 

' (d) Periods of positive anomalies (especially when large) were also periods of 
decreased precipitation, and the amount of the deficiency was roughly pro- 
portional to the magnitude of the anomalies. This relation was very marked 
for the years 1892, 1S96, 1899 and 1903, 
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(e) There Is hence a close relation between the character and magnitude of the 
pre*cold*weather vertical anomalies and the amount and distribution of the 
cold-weather precipitation, 

U may be noted that similar relations were obtained in my memoir on '* An 
account of the more important cold-wealhet storms In India during the years from 1876- 
1891,” and were expressed in the following terms 

" (1) If the vertical pressure anomalies are persistently negative throughout October 
to December, it is very probable the cold-weather rains (December to 
March) will be heavier than usual in North-Western India and the weather 
stormy in the Western Himalayas, 

"(2) lithe vertical pressure anomalies are persistently positive from October to 
December, it is very probable the following cold-weather rains from Decem- 
ber to March will be light, and weather less disturbed than usual in the 
Western Himalayas. 

'' (j) Continued stormy weather during the cold weather season is almost invari- 
ably associated with a local deficiency ol pressure in the middle atmospheric- 
strata or with large negative anomalies, and the e\cess variation of the pre- 
cipitation on the whole varies with the magnitude of the anomalies, 

"(4} Unusually fine and settled weather in the months of December, January and 
February is almost invariably associated with excessive pressure in the middle 
atmospheric strata, or with what may be termed anti-cyclonic conditions at 
a high altitude, and the deficiency in the rainfall varies directly with the 
magnitude of the positive anomalies." 

The experience of the unique period 1892—1902 is, on the whole, in full accordance- 
with the above inferences based on an examination of the meteorology of the cold- 
weather periods of the preceding sixteen years, 1876—1891. 

Hot-mather tariaims if It has been pointed out in publications of ihe 

Meteorological Department that the meteorology of India is more dependent on local 
conditions and less dependent on conaitions and actions external to India during the hot 
weather than in any other period of the year, 

^ The temperature and other meteorological conditions of India in the hot weather are 
mainly determined by the character of the previous cold .weather season. A seiere and 
protracted cold-weather period is almost Invariably followed by cooler weather than usual 
m March and April, and hence in such years the hot weather conditions are less intense , 
than the normal. On the other hand, a dry cold-weather period is generally follow'cd by 
more intense hot weather conditions of higher temperature and lower humidity than usual 
over the greater part of the interior. Occasionally, however, dry cold weather periods are 
followed in March and April by disturbed weather in North-Western India, due either to 
frequent storms with much snow in the Western Himalayas, the result of actions or disturb- 
Mces in Central Asia, or to the passage of late storms of the cold weather type across 
orthern India. The latter class of disturbances give light showers in the plains' and 
late but usually moderate snow in the Himalajan region. The cold and hotii'eathet 
perio s of the years 1893 1894 belonged to the first of these classes or categories, 

e jears 1892, i8g6, i8g8, 1899 and 1503 to the second, and the leats l8g<, i897» 19CO 
and igot to the third. ‘ 
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The peculiarity in the temperature conditions in the first and third classes or cate* 
gories is decreased temperature during the greater part or the whole of the hot weather 
period, more marked in the fust class than the third, and in the second is increased tem- 
perature (tlie excess being usually large in amount), occasionally terminating in a period 
of intense heat in the latter half of Hlay. 

According to the usual explanation given in meteorological text books (probably 
approximately correct), increased temperature in a large area such as Northern India or 
tlie whole of India, in any of the hot weather months, gives rise to an upward expansion 
which disturbs the equilibrium of the air by increasing the super-incumbent mass at all 
elevations except at or near the earth's surface, and hence the pressure of tlie air. This 
originates an outflow above, whichis followed and only partially compensated for some 
time afterwards by an inflow below. Hence pressure falls at the earth’s surface and up to 
considerable heights by amounts decreasing with elevation. Above a certain height, 
determined by the local meteorological conditions, pressure may actually increase, due 
10 the increase of mass above that elevation by upward expansion being greater than the 
decrease of mass due to outward flow. 

The relative increase of pressure at considerable elevations due to this action during 
periods of high and increasing temperature and decreasing pressure at the earth's surface 
is termed " the vertical pressure anomaly for the range or difference of elevation," and is 
measured by the difference of the variation from the normal of two stations, one at or near 
the base of the lulls, and the other at a known elcvaiion in the hills. 

7 he following table gives data of the mean variation from the normal of the pressure 
and temperature of North-Western India and the whole of India, during each month of 
the hot weather seasons of the peiiod 1892— 1902, and also the vertical anomalies of thiee 
pairs of stations, mV., Quetta and Jacobabad (diflercncc of elevation 5,316 feet), Simla 
.and Ludhiana (difference of elevation 6,412) and Leh and Lahore (difference of elevation 
10,801 feet);— 


Table LXXI. 
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Temperature was below the normal in four years of the period in .March over North- 
Western India as well as the whole of India, and in only one year was the mean pressure 
of the area above the normal. 

Hence the inverse relation between mean temperature and pressure variations in 
India was irt March at least not the rule in the period 1892-1902. The exceptions were 
so numerous as to show that there were other and more general actions in play giving 
rise to opposite variations to those of the local temperature conditions in India. 

The data for the month of April show that in eight years of the period temperature 
was above the normal in North-Western India and in five on the mean of the whole of 
India. Pressure was below the normal in the eight years in North-Western India and in 
four of the five years on the mean of the whole of India, 

In three years temperature was in defect in North-Western India, and tn the same 
years pressure was in excess. The inverse relation between temperature and pressure 
hence obtained much more frequently in April than in March, and is in fact the usual rule. 

An examination of the data for the month of May indicates that temperature was in 
the whole of India in excess in ten years out of the eleven years of the period, and that in 
seven years it was accompanied with diminished pressure. In the remaining year the 
ordinary relation of diminished temperature and increased pressure obtained. In North- 
Western India temperature was in excess in every year and pressure in defect in eight years. 

Hence the experience of the period 1892-1902 indicates that, with the advance of the 
hot weather season, the inverse relation between pressure and temperature variations 
obtains with increasing frequency, and hence also that the disturbing influence, due to 
large general actions, diminishes relatively to that of the internal or local actions due to 
the increasing intensity of the hot weather conditions. 

The data for the periods of increased temperature in April indicate that on the mean 
an increase of 1" of temperature in North-Western India accompanies a reduction of pres- 
sure ’on*' below the normal, and on the average of the whole of India a decrease of 'oii*^ 
of pressure per 1“ excess of temperature. The rate of decrease of pressure in North- 
Western India for the month of May, due to i® excess of temperature, averages '008". ■ On 
the average of the whole of India the relation in May is a decrease of pressure of 'oii^ 
per i" excess of temperature. Examination of the'data of earlier years gives similar 
results, and hence it is very probable that an excess of 1“ of temperature during the hot 
weather period occasions or accompanies a deficiency of pressure of about '010*' at the 
level of the plains. 

The following are important results of the preceding discussion 
(1) An excess of i" of temperature on the mean in North-Western India in the hot 
weather accompanies a mean deficiency of 'oio" of pressure at the earth’s 
surface in that area, and 

{2) an excess of 1“ of temperature on the mean in the Indian area in the hot 
weather accompanies a mean deficiency of 'oia" of pressure at the earth’s 
surface. 

The number of months on which these means or inferences are based is probably 
sufiioient to srive approximately correct results. 

The data in the three final columns of Table LXXI are also interesting, more espe- 
cially when compared with the .figures of the other columns. They indicate that when 

0 
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the pressure variations in North-Western India are negative (due in part or entirgfy 
increased temperature), the vertical anomalies are positive, and vice vend, dn^j |.|jg 
magnitudes of these tivo sets of quantities vjry proportionately. The j),e 

tn'o pairs of stations show that the vertical anomaly for pairs of stations diflering in 
elevation from 4,000 to 6,000 feet is approximately ’003" per 1,000 feet per temper- 
ature, and for 10,000 feet is slightly less, averaging •0025' per i,ooo feet pg,- 1« qJ 
temperature. This result Is also of considerable importance. 

As already pointed out there are occasionally large general variations of pressure in 
India, which either accompany normal temperature conditions, or are not inversely related 
to the temperature variations. They are probably due to more general actions or causes, 
The most striking examples in the hot weather seasons of the period i89a.]Q02 are 
as shown by the data of Table LXXI, the variations of March 1892, April 1897, May 1900 
and March 1901. 

The first two columns of the following table give data for the whole of Indi^ for these 
months 


Table LXXU. 


Month and Ybar* 

Varistion froin 
nacmsH of 
mean dally 
piessiir«t 

w 

Varialton 
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of Ritati 4iLi!y 
iflm pent are 

ProbaVc vati- 
ecfan prcf 
seni dae I0 
temperature 

IH 

Probable vaH^ 
atcan 0/ prisf 
sure due io 
noeral action^ 


♦ 

0 

0 


March 189a . , ' . 

-^074 

+1-8 

— 027 

-•047 

April 1897 « . , 

+‘039 

1 

--‘003 , 

4 •04s 

ftVay 1900 * . , 

+'05 1 

-l-o'S 

—*009 

+■065 1 

March 1901 . « . . 

+ 04 fi 

+o ‘3 

—*034 

+•030 


The figures in the fourth column are obtained by using the law of variation deduced 
from the data given in the preceding page. Allowing for the temperature Yariat% accord- 
ing fo-that law as a correction we obtain a probable estimate of the variation due to other 
conditions and actions. 

A similar treatment of the coiresponding data for North-Western India gives similar 
results as snown below 




' Month and Yeah, 

VariaUon 
ifoni normal 
flf mein daily 
prasuect 

N 

Varationfrora 
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Probable vari^ 

ation of 
sura due to 
t emperalure* 

(i) 

rrobablc vari* 
atfoRoipres* 
sure due to 
general nctiDni. 

March 189a , 

-083 

B 

+ 3‘7 

H 


^^7 . . , ■ 

4 ‘058 

-04 

+'no4 


May 1900 , * , 

+'efiS 

+0^2 

—1002 


Atarch ip'll • , . 1 

+■048 

+ r 9 

—*023 



hnA an if ^ not due to the local temperature variations of the Indian 
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logical actions probably over the whole tndo-oceanic regon, which have not yet been in* 
vestigated but which should be thoroughly discussed. 


Solar Radiation. 


The intensity of solar radiation at or near the earth's surface at observatories 
in India is measured by a therniometer, the bulb of which is coated with lamp black, 
and placed in an outer glass case from which the air has been partially exhausted. 
The instniflients used for these observations are by Negretti and Zambra. They have 
many defects and are from various causes liable to changes of sensitivity. Hence at the 
Indian stations where these observations are recorded three or four instruments are exposed 
and occasional inter-comparisons are made. It is usually assumed that the difference be- 
tween a reading of these instruments and of the standard ihcrraometer in the shade at an 
observatory is a rough or approximate measure of the intensity of solar radiation that 
reaches the earth's surface after transmission through (and partial absorption by) the 
atmosphere at that place and time. If this measure could be converted into heat units, 
c.g’., calories, the difference between this quantity and the value of the solar constant at 
the time being, would beameasure in heat units of the loss of solar radiation by absorption 
in its passage through the atmosphere to that place at that instant. This(deierroination 
however is not possible, as the factor of conversion is not known, and would probably 
vary largely with circumstances. 

Solar radiation observations by means of thermometers of that type were ‘recorded 
during the whole period under discussion at Madras, Calcutta, Bombay, Allahabad, Jaipur, 
Lahore, Dchra, Simla, Lch and Aden. Normals for those stations have also been 
obtained from the data of 50 to 30 years. 

The following tabic gives the actual variations of tlic mean annual values of the 
difference of the maximum readings of the solir radiation thermometer and the maximum 
in the sh-ide for (he period iSt/o-iips from the normal annual values for seven of these 


stations — , 


TiBU UXIV, 













important features of meteorology of southern ASIA, 

In the following tabte are given smoolhed values of the data of the preceding tahljs 
obtained by the employment of the formula — 

Table LXXV. 
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The curves for this element derived from the actual data mil be found m Plate X 
and those from the smoothed data m Plate XI ' 

The smoothed annual curves of Figs, i, 2, 3, S> 6 and 7 for Leh, Simla, Lahore, Cal- 
cutta, Aden (and also to a less extent Bombay) agree fairly closely in form, The chief 
features indicated by these curves are as Wlows; — 

(1) A positive variation from 1891 to i8g6 or 18971 the difference measuring the 
intensity of solar radiation being above the normal hy amounts ranging from 
2 6 at Lahore to o'’'3 at Bombay at the beginning of the period and normal 
at the end of the period, 

(2) A reduction of insolation below the normal from 1898 to 190a or 1903, 

greatest m amount from 1899 to 1901, earliest at Leh and Aden, and latest at 
Simla and Lahore* 

(3} The feature most strikingly exhibited in all the curves is the minimum usually 
ex I ite in the year 1900 or 1901, The only station where it is very slightly 
shown IS Allahabad, and an examination of the data appears to show that the 
ful varTt recorded at that statron are unsatisfactory and of doubt* 

for tbe selected stations (Fig. 8 , 
late XI7 shows that the mean solar radiation over India, as represented by 
tese stations, decreased from the beginning to the end of the period. The 
decrease was 4 m amount or nearly 7 per cent of the mean value (ss"). 
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(5) The Leh annual curve of the Indian stations resembles the mean cme (Fig. 8 ), 
The amplitude of variation was 

(6) Similarly the Aden data indicate that the variation at that station was larger 
in amount than at the Indian slationSf and that the minimum occurred hoiti oae 
to two years earlier, 

The most important inference from the insolation data Is that the radiation in 
the lowest atmospheric stratum on the mean of these seven stations from iSgr to 190a 
decreased, reaching its greatest deficiency in 1899 to 190a or the period when the 
atmospheric conditions, more especially decreased cloud and humidity, were less faYou> 
able than usual for absorption of the solarradiaiion in its passage through the atmosphere, 
and when, independently of variations in the emission of the energy of solar radiation, 
an excess of insolarion might have been expected. 

In order to verify further these inferences the corresponding variation data for the 
hot weather period, March to May, of least cloud and humidity and of the greatest 
elevation of the sun have been calculated (or the same penod, 1890-1902. The actual 
and smoothed data are given in the following tables, and will be found plotted in 
Figs. 9 to 16, Plates X and XI 


Tadls LXXVI. 
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A comparison of the curves of the annual variations with those of the hot season , 
variations indicates that the curves for all the stations, except, perhaps, Simla, correspond 
in their main features, more especially in the epochs of the maximum and raitiitnuni 
values, and also that the total amplitudes of the variation during the period ate slightly 
greater for the hot season than for the year. This contrast of amplitude is most marked 
for Leh, 

The only important difference between the two sets of curves is in the case of Leh. 
The hot season curve for^Leh closely resembles that of the annual cun'c for Aden in the 
magnitude of the amplitude of variation, and early occurrence of ilie minimom phase. 

It may he noted that these seven statiorrs resemble each other in their very slight 
rainfall, and comparative absence of cloud in the hot weather period. An examination 
of the cloud and humidity data of Leh and Aden discloses no special locjil conditions 
determining the deep minimum at these stations immediately outside the Indian area. 

There is hence evidence that the unique drought of iSpp accompanied considerable 
decrease of the intensity of solar radiation in the lowest atmospheric stratum, and also, 
considering the conditions of the period, possibly if not probably, in the higher atmos' 
pheric strata, and hence perhaps the existence of abnormal conditions in the sun. ‘In 
connection with this the following extracts from a discussion on iHe measurements of solar 
radiation by means of the Angstrom Pyroheliometer at Asheville and Black Mountain N. C* 
inthe United States Weather Review for July 1903 are of interest 

The deficiency In the value of Q for January, February and March 1903, as coro» 
pared with the average values for these months during previous years, has been noticed 
by M. Henri Dutour at Lausanne, Switzerland. He is inclined to attribute it to increased 
absorption and reflection of radiation by the atmosphere due to the presence of volcanic’ 
dust. In a letter to him, dated July 9th, 1903, the Acting Secretary of the Smithsonian 
Institution saysi 'The observations made here (the Astrophysical observatory at 
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Washington) indicate that the drop in the actinometric readings of which you speak is 
■chiefly caused by the increased absorption of the earth's atmosphere during the present 
.•calendar year.’ 

** The investigation of the cause of this apparent decrease in the amount of solar 
radiation received at the surface of the earth (Q) calls fora special study of the absorption 
of the atmosphere.” 

Ground surface temperature. 

The following table (Table LXXVill) gives the actual and smoothed values of the 
annual variation of the ground surface temperature from the normal values (derived 
from 21 years’ observations) at DeHra, Lahore, Jaipur, Allahabad and Calcutta for the 
period iSda to igoa:— 

Tablf LXXVIll. 





























988 


important features of meteorology of southern ASIA, 

As the data are of considerable interest they are given for the \yhole period, for which 
fairly satisfactory observations have been taken at these stations. 

The actual data are plotted as curves in figures i to 5 of Plate XU and the smoothed 
data in Plate XIII. 

The data and curves (Plates XU and XIII) show a fairly regular oscillatory variation 
throughout the period. It is most clearly exhibited by the Allahabad smoothed curve, 
Fig 4, Plate XIII, the epochs of the minima of which are 1883, 1891 and 1899, and of the 
intervening maxima 1887 and 1896. The drought year 1896 corresponds to a maximum, 
but the drought of 1899 to a minimum. Similarly the Calcutta curve shows a regular 
oscillatory variation, the chief features of which are well-marked maxima in 1891 and 
1896, the former corresponding with a minimum at Allahabad, and the latter agreeing to 
phase with the 1896 drought epochal that station. The minima epochs were in 1893 and 
perhaps 1902, The chief features in the Jaipur curve are the large maximum in 1898 and 
1899, the phase being opposite in character to the phases (corresponding in time) at 
Allahabad and Calcutta. 

The surface temperature curves for these stations present large differences, in which 
respect they are unlike the solar radiation or insolation curves, thus indicating that the 
long period variations of the ground surface temperature do not run parallel with the varia- 
tions in the solar radiation which reaches the earth’s surface, and are hence chiefly due 
to other causes. 

A comparison of the ground surface temperature curves with the rainfall variation 
curves of the same stations Plate VIII) shows that the former are very approximately 

the inverse of the latter. In other words the epochs of the critical periods agree* but the 
phases are opposite. Hence there is also a strong resemblance between the ground 
surface temperature, humidity and cloud variation curves. 

The long period variations of the ground surface temperature during the period 
1892-1909 Were hence primarily and immediately due to the character and amount of the 
rainfall at each station, which also impressed or accompanied corresponding or parallel 
variations in other elements of observation, c.g'., air temperature, humidity and amount of 
cloud, 



INDIAK OCEAN AND NEIGHBOURING COUNTRIES DURING THE PERIOD iSpt’tjo). ajg 


concluding discussion. 

The period 1892-1902 was unique in the meteorology of India for the magnitude and 
persistence of the arialtons of rainfath cloud, humidity and temperature from the normal, 
It has been pointed out that the whole period of eleven years may be divided into two, 
a short period of three years J892*p<j characterized by general excess of rain in the 
Indian area, and a period of eight years, when the rainfall was on the mean of the whole 
of the Indian rej^on more of less below tbe normal througbout practically the whole period. 
The following are a few of tlie mwt important features of the period 1— 

A. Of the wet period or period of excessive rainfall, 1892-94- 

(i) The wet period 1892-94 was unique for the general intensity of therainiall and 
the exceptional excess in the more interior districts of Northern and Central 
India inclwding the Punjab, Rajputana, the United Provinces and Central 
India. 

(*) The excess was as marked in relative amount in the dry as in the wet seasons 
of the period, 

{3} The area of general excess included, in addition to India, the following areas r 
Persia, Afghanistan, Baluchistan, East Africa, Abyssinia, and a large part 
of Australia. 

U) The period was characterized by a general excess of cioud, increased humi- 
dity and a slight reduction of temperature below the normal on the mean 
• of each year, and, in the majority of cases, of each season of iheyear during 
the period. 

(5) The excess was, relatively to the normal, greatest in theinterior districts, more 
especially in the field of the Bam% current, 

A consideration of the data of the wet period, 1892*94, indicates the following rela- 
tions between the maximum annua) variations of the whole Indian area for the period 

Tauiu LXXtX. 
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B. The following gives a similar summary of the chief features of the dry period 
1895-1902 

(i) Tbc Taiwlal) in the Iwdiaw monsoon W area, was more or less in defect in each 
year of the period. The period of deficient rain is unique in its length, as 
the Only other period of general continued deficiency during the past 40 
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years was from i864.*66 and hence extended over three years only. The 
total average deficiency for the whole of India during the period wae 84*6 
inches or 60 per cent, of a normal year's supply. 

(s) The rainfall was especially scanty in the years 1896 and 1899, almost conti- 
nuous drought prevailing durihg the south-west monnoon over large areas 
in India during these years. The droughts in these years were followed by 
severe and extensive famines in the years 1897 and igoo. It Is, however, 
not exceptional for two drought years followed by famine to occur within 
four years, That was the case for example in 1866 and i86g and also in 
1874, 1877, and 1878. 

(3) The droughts of 1896 and 1699 and the famines of 1897 and 1900 were unique 

in intensity and extent of area affected. The only famine during the past 
150 years comparable whh those of 1897 and 1900 was that of 1869 which 
prevailed over practically the same area as that of 1897. The deficiency 
of the rainfall for the year 1899 was unique, averaging for the whole of 
India, by Blanford’s method 11*14 inches^ as compared with a previous 
maximum deficiency in 1868 of 6*63 inches or 37 per cent. The amount 
of the deficiency in the year 1896 was only exceeded in the years 1864 
and 1868 during the past ao years. 

(4) The whole period was characterised by general deficiency ol rain and snow 

in the Western Himalayas and the Afghan and Baluch mountain districts 
and also in Persia. The only exception uas a heavy local precipitaiion in 
the East Punjab and Kumaon Himalayas in the winter of igoi. 

(5) The deficiency of precipitation in the Indian area was as marked in the dry 

as in the vet seasons of the period. 

(6) The area of deficient rainfall during the dry monsoons in the Indian monsoon 

area included in addition to Northern India, Baluchistan, Afghanistan, 
Persia, Euphrates Valley and, probably the southern regions of Central 
Asia (r.e., Thibet). 

{7) The drought also extended more or less persistently to the greater part of 
Australia (more especially the dry interior districts), South Africa, East 
and Centra! Africa, Abyssinia, and Mauritius. The drought area hence 
probably included the whole precipitation field of the south-east trades and 
the south-west monsoon winds, or what may be termed the Indo-Oceanic 
area, 

(8) The field of the Bombay current was more largely affected than that of the 
Bay current by these variations and^the interior districts more severely 
than the coast districts. HenCe the drought in India was, on the whole, 
most severe and continuous in North Bombay, Central India, Rajputana 
and the South Punjab. 

{9) The 1896 drought was due in one part of the area affected the United 
Provinces) to scanty rainfall throughout the whole season, and in another 
part (the Central Provinces and Berar) to abrupt and very early termination 
of the rains. The 1899 drought was due to general and unprecedented 
weakness of the Arabian Sea current, which gave very scanty rain through- 
out the whole wet monsoon. 



INDIAN OCEAN AND NEIGHDOURING COUNTRIES DURING THE PERIOD t8$].]go>, SQI 

(10) The following minor but important features were very persistent during the 

period 

(i) The south-west monsoon rains were generally retarded. 

(a) They terminated earlier than usual, more especially in the years 1896 
in the Gangeiic Plain, and in the year 1899 over the fidd of the 
Bombay current. 

(3) The period of south-west monsoon rainfall was hence considerably 
abbreviated in most years of the period. 

These features were more strongly shown in the Bombay than the 
Bcng.il current, and were most conspicuous in the Punjab, ^ajputana, 
Centra! India, and the Central Provinces, where they were exhibited in six 
or seven outoi the eight monsoons of the period. 

(11) The following gives the maximum annual v.ariaiions of the chief elements of 

observations for the whole of India during the dry period 
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The following gives the most important conclusions ironi uw ss w ii>= 

kraclcr, period, extent, and intensity of the almormal fealurcs of the period 

An important feature of the meteorology of the period was that the larger variations 
)f rainfall from the uoritial in India during tlic whole period were not seasonal hut general, 
icing exhibited almost as largely in the dry os in the wet monsoons. This follows first 
rom the facts (i) that in the years of excess in 1893 and 1894 the precipitation was in 
‘xcess in every- swson weept one, and (3) llwt in each of the years of large deficiency 
nllie period, lA iSp-^and 1899, the mean rainfall of the whole of India was below the 
iorm.il in every season except one. 

Also a reference to the data of Table XVI s)iows that this was not a peculiar feature 
)f this abnormal period, but IsalmosL ccriainly a general feature of Indian mclcorolog)-. 

This appears to be .i point of considerable importance. Tlie abnormalities were 
iclthcr seasonal or annual in character, hut extended over a long period {at least n or is 
years), the period of excess of rainfall being three years and of deficient rainfall at least 

A soMnd Imporlanl feature was the extension of the characteristic features of the first 
)f the two periods over the whole area, including the Euplirates Valley, Persia, Afghanistan, 
Baluchistan , Thibet,* India, and proh.ibly Australia and South and East Altica, 

• Tills is (nfc.'rt<I from tk dnu of Lcli. (G* T. IV.) 
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Similatly, the features of the second or wet period were common to 'the Euphrates 
Valley, Persia (except the northern districts), Afghanistan, Baluchistaii, Thibet,* India, 
Australia, East and South Africa and Mauritius, and probably other islands in the Indian 
Ocean. 

In both'periods, the area affected by similarity of conditions and variations appears 
to have included the whole land region dependent on the Indian Ocean for its rain 
supply on the Indo-Oceanic region. Different portions of that vast area were similarly 
affected at different times or were differently affected in the same year. Thus in , 
India it was chiefly the interior districts, more especially North Bombay, Berar, the 
Central Provinces, Central India, Rajputana, the United Provinces, and the Punjab, 
while on the other hand the coast districts suffered slightly. Again in one year it was 
the area usually coveted by the Bombay current which was most affected, (as in 1899). 
In another year both fields were similarly affected as in 1896 and in a third year (eg., 
J902) it was chiefly the field of the Bay of Bengal current. But the general persistent 
feature amidst these local variations was a persistent 'deficiency of rain which intensified 
in several years, but more especially in 1896 and 1899, into severe droughts culminating 
in famine over large areas. Similar features appear to have obtained in Australia and 


South Africa, but in these areas the drought was most intense and disastrous in 1901*03 
and 1903-03. The general results were the same in all cases-'much hmnaijsuffering and 
impoverishment and great loss of cattle, reducing the general wealth of t^'^country for 
some time by a considerable percentage amount, The facts hence show mo^t clearly 
that the abnormalities were not special or local, but were more or less common\to the 
whole Indo-Oceanic land and sea area throughout this period and hence the causek mast 
have been persistent, large and general, \ 

A third interesting feature is that the variations of temperature, humidity, and \lattd 
during the period, were directly related to the rainfall. The cloud and humidity anPaaP 
variation curves sere parallel to the corresponding rainfall curves. In other words \the’ 
ower air was damper and the upper air charged with a greater amount of cloud from ife* 
to 1894, The opposite or inverse variation prevailed in the dry period, the years i# 
and 1899 being especially characterized by decreased cloud and lower humidity. Tbei 
vanatjons, as m the case of rainfall, were not seasonal or annual but of long perid ^ < 

In™^ ramM pradaces a a,„al, aa^atlar alt«t on lanporatoro in India than dim J 
lalmdratnlan of onmlarpnTOntage amount. Temperature™ in steady excess nn J 
meannleaeh year from .893 to .90s, oa the mean of the nhole of lodia and alto 
month of the penod almost «houl mteeptioa. The vaHatioa ™ed,er, litt e tamT" 
dnrtng the penod a„d ^gmatest in tSpe^hen it was , a". I.i, ncerUy L the 

iSgpdrought produced a less mean increase of temperature ahnvA hi, ^ .7 ? 
whole Indian area than the .896 drought ™ 

The tarintions of these meleorologieal elements wem honne eottolnled oBeets indh 
eating impDrianl changes or yatialions m the mass of the air orer t.al, . . •? r 
probably genoralty over the other land areas affected* ^ certainly and 

The data under discussion have shown that extending over a 

intheamnnnlanddiatribnlioaoithefainfall,alleaat .. yean, aBeeted thl wLfelndUn 

• This is inferred from the dau of Leh. (G. T. W.) 
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oceanic area. Whether is extended over a larger area cannot, as yet, in the absence of 
the necessary data, be determined. The data for certain stations in Central Asia indicate 
that the northern limit of the area of similar variation was probably Thib^j {g 
northern limit of the mosoon circulation of Southern Asia, or the southern ji^it 
ninter anti-cyclone of the Asiatic continent. 

Over a large portion of that area, including Persia, Afghanistan, Baluci,jstan^ and 
Thibet, the rainfall occurs during the winter or cold weather, the period of the 
soon of India and the Indian Se.is, The precipitation in the peninsulas of Southern Asia 
and In Abyssinia and East Africa is received chiefly during the period May i,, October* 
and is hence a hot weather rainfall. Australia, South and South-East Africa ^Jl,tain their 
rainfall during the summer season of the soutliern hemisphere, and hence Ut the same 
time of the year as the winter rainfall of the Persian Plateau region. 

One of the more rem.arkKble features of the period is that tlie rainfall varied similarly in 
arooum from the normal over areas of summer rainfall both north and south of ^he equator 
(at opposite periods of the year) and also over the area of winter rainfall ii\ Southern 
Asia. This agreement is in accordance with experience in India, the rule be|ng thjt a 
souih-west monsoon of deficient rain, more especially in North- V/est India, followed 
by deficient cold weather rains in the plains of Northern India and deficient winter snowfall 
in the plateaus of Persia, Baluchistan and Afghanistan, and in the Western Himalayan 
mountain region. 

RainfiUll is due to condensation of aqueous vapour accompanying upwards move- 
ments in a humid current. Considerable variations in the amount of rainfall ov^r ^ large 
area scr\'cd by a humid current depend upon viiriations in the volume, and aqueous vapour 
v'mnlnnt? .tltr xJtcmnt 

It is hence necessary for the present discussion to state the normal features of the 
air movements or humid currents that give general rain in Southern Asia and ol tjje abnor- 
malities in the movements during the period 1892-1903 so far as is possible from the 
araihiblc data. The following is a brief statement of the normal general air nrovement 
on the Indo-Occanic region. 

The circulation of the dry season is usually fully established in the latter half of 
December. Over the Indian Seas the movcntcnl is from north-east towards an ^rea of low 
pressure stretching across the Indian Occ.in in a narrow bell immediately to thesguth of the 
equator between Lat. S'* and 1 3 ®S. To the south of this bell the air movement is from south- 
cast extending over the sea arc.a of the Indian Ocean as far south as Lat. 30® bcyofid u-hich .in 
anlicyclonlc belt lies across that ocean. Over India the movement is feeble, ljg|ug from 
west in Northern India and cast in the peninsula with variable winds over tl^g dividing 
ranges at the ht.id of the peninsula. These tn'o semi-independent air moveojcnis feed 
into the low pressure bell near the equator over which they rise wilii probably drift 
towards the west. Above this area and as .1 continuation of the upflow, the air drifts 
north and south giving return movements in the middle or upper atmosphere inverse to the 
lower air currents. U is important to notice that these two lower air currents have a 
common goal, and hence that not only the position of that sink will vary to sq^ie extent 
with the relative strength and abnormal features of either lower movements,* but also that 
the uptake and the outflow above giving the opposite rclum currents will also l,a affected 
and modified by abnormal features in the lower movements. 
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The periocl from March to May is a transition period of a peculiar character leading, 
from the dry to the wet monsoon. Temperature incieases rapidly in the interior of Arabia, 
India, and Burma, and pressure decreases parifassu, so that by the middle of March, 
or beginning of Apnl it has fallen below that of the neighbouring seas. Local sea 
winds set in over the coast districts in .March and extend seawards and landwards, 
and also increase in intensity with the advance of the hot weather. , Moderate north- 1 
east winds prevail over the Arabian Sea and Bay of Bengal in February. The north- 
east winds gradually decrease in strength in March and April, and light 'unsteady 
winds prevail generally in the centre of the Arabian Sea and Bay of Bengal in May. 
Pressure gradients increase slightly in the Indian Ocean with the decrease of tem- 
perature in the southern regions, and the belt of variable winds is gradually transferred i 
northwards, so that it lies over the equator at the middle or end of May. The southern 


outflow in the middle atmosphere over the Indian area probably increases pan passu 
whilst that over the Indian Ocean decreases, At the same time there is an increasing 
outflow in the lower atmosphere to replace the indraught due to the sea winds blowing 
into India and Burma. The movement in the interior of Northern India during this period 
increases m strength, but is practically unchanged in direction, being from west down the 
Gangptic Plain and across Central India, In the peninsula it is gradually converted into 
an irregular cyclonic movement about the hot area in the Deccan. The air movement 
in Indials probably more complex during this period than at any other time of theyear. 

The establishment of low pressure areas in the interior of the South Asian Peninsula's 
converts the stable pressure and wind system obtaining in the first period into an unstable 
system during the present period, which is finally terminated usually in the last week of 
May or first week of June by the suspension of the uptake over the equator and the rush 
or advance of the lower air movement of the south-east trades across the equator into the 
Indian Seas. This movement is then directed towards the low-pressure areas in the 
interior of Burma, Northern India, South Arabia and Abyssinia, the division or distribution 
of the current depending upon the relative intensity of the low pressure conditions in th-se 
ate„ Wta this moremsnt has haen aslablishad, tha pmms compl« air movemwt 
B repiac^ y a singie c, relation manding (mm the South ladian Oceanic theconnUnn 
ranges oi Abyss.n.a, Sontb Arabn., Northern India, and Bomta. This current bring, „p ' 
vestsnppbes of a, neons vapoertroo. the oeeanic area it traverses, .rhich itdisdtarJ 
as rain chieliy over the land areas of Burma, tndia, and Abyssinia, These ar^ hence 
form the norlhem tan of lh,s circuMon, end the return current is tarn nonh to a h 
at very eonsiderable elevat,on ol at least ao,ooo feet and probably over ,o, J “ 
Th,s movment of the south-east Wes aad its continnapol the senth-nest ™ 
coaunues in lh.a complete fora, up into northern moentain barrier limits nnl be midi 

::rtb1Artaa^^“bIr^°“" 

currents of Southern Asia. The air raovemen/ 

monsoon current! is in nari A ^ ‘ i tiver the Arabian Se.-! (or Arabian > Sea 

peninsnla and North-Western Indir^Msl (I* i l®'l io the 

passes in par, iuK, 

ranges of Arakan and North-Easi-Mn T deflection by the mountain 

served or receives its monsoon rainfall 'from both ® is hence 

are each dependent on one branch only, ranches, whilst Abyssinia and Burma, 
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' Tlie wiilidrawal of the humid south*\vcst monsoon currents occupies the next three 
months from October to December. The extension of the movement contracts at its 
northern limit and the current withdraws southwards and eastwards at the same time that its 
volume decreases in elevation. It first retreats from the head of the Arabian Sea, and 
North-Western India during the latter part of September and the first hall of the month of 
October, and from North-Eastern India and Burma in October, the humid sea winds being 
replaced by north-westerly and westerly airs in Northern India which gradually increase in 
inlcnsiiy and extension. The current in November and the first half of December recurves 
over the Bay, its further northward progress being barred by the high pressure conditions 
now eslahllshcd in Northern India. The recurving current hence advances to the Madras 
Coast from the north-east and cast and gives frequent rain during the period, the period of 
most general rain in the Coromandel Coast districts. 

Tlie area of the current continues to contract and its nortliward limit is slowly trans- 
ferred southnards until it y.isses out of the Bay in December. Similar changes occur 
fnri^Rssu in the Arabian Sea, but somewhat earlier than in the Bay. North-cast land 
winds, the continuation of the dry land winds now established in India, gradually extend 
over the Indian seas during the period, and usimlly before the end of December have 
advanced smithwards to Uie equator, and the double circulation with a trough of absorp- 
tion in tlic equatorial belt is rc-cstablisitcd. The transformation of the double circulation 
(in June) is a rapid process due to impulsive .iciion. The reverse change is a compara- 
tively slow process occupying nearly three months. 

If the data of the preceding sketch he correct, it follows that the currents, condensa. 
tion of aqueous vapour in which gives rain to India in both the dry .and wet se-isons, are 
humid currents from the Indian Ocean. In the wcl season the humid current is a lower 
horizontal movement extending upwards to a very considcr.ible elevation. In ilic dry 
season ‘t is .in upper current from the neighbourhood of tlie equatorial belt, being the 
return current of the tower land air movement. As this upper current is due to an uptake 
m.irking the limits of the strong south-e.ist tr.idcs as well as of the north-east monsoon 
winds, it is possible, if not probable, th.itany large special features chamctcrizing the south- 
east trades (and hence the south-west monsoon winds) might be continued during the 
dry or noith-wst mon.sDon, in the upper movement. It is app.irent!y due to this possible 
continuity of .icrion .ind characteristics that the rainfall of the dry season in the Persian 
Plateau and Norlliern India is as n rule similar in hs variation to that of the proceeding 
south-west monsoon, and hence .also that the variations of the unique period 1892-1903 
wcrcgcncr.il and common to the whole yu.ar, .mdwerc but little marked by seasonal 
differences. The exccpibn.s to this in India were chiefly in tlie hot wc.ithcr se.ison when 
the rainf.ill depends almost c.xclnsivclj‘ upon local action.s, and not upon actions or conditions 
common to the whole or large pari of the Inclo-Occanic area. This appe.irs to me the 
only explanation suggested by the data of one of the more iinpori.int features of the rain- 
fall of the period in India, Burma and the Persian Plateau (r. c., Persia, Afghanistan, and 
BalHC?tts(.in), v/c., tli.it (be vari.itiofts of tlw rmhil h tho uvt .ind dry seasons iiwe the 
same in clmracter and similar in amount roliiivcly to the normal. 

The statement of the air movement in the Indo-Occanic region also suggests the 
more important abnormal variations in the humid currents which may modify the distribution 
of the fiouih-wcit monsoon r.iinfall in the peninsulas of Southern Asia. 
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It is,forexaiflpk, possible that the south-east trades winds may be determined to South 
or Central, Africa to an unusual extent and for prolonged periods— in fact during the whole 
•or the greater part of the south-west monsoon period. If this be the case, a smaller volume 
of the humid current will pass across the equator into the Indian seas, and the rainfall of the 
South Asian Peninsulas will be more or less reduced. The available information indicates 
that this was the case in 1896. The rainfall in South and South-East Africa in thar year 
was continued from the summer over the following autumn and winter months, in fact 
until July or August (ufrfe Mr. Hutchins’ account, page 246). It is possible that in this 
case the excess of rainfall in South Africa may compensate for the deficiency in India and 
Abyssinia. 

Again the lower movement of the south-east trades circulation in the Indian Ocean 
may be feebler than usual. This may accompany feebler gradients in the Indian Ocean 
.produced either by reduced pressure in the permanent anticyclone of the South Indian 
Ocean or by its displacement further south than usual. Practically no exact information is 
available in India for showing whether either of these conditions when it occurs is due to 
temporary extension of the permanent ice barrier in the South Antarctic regions or to the 
presence of icebergs to an unusual extent and up to limits considerably further north than 
usual. Some data uhich were received from the London Ship Masters' Society show that 
during a portion of the period there was an unusual extension of icebergs northwards from 
the antarctic regions, to such an extent as to make it necessary to modify the course 
usually prescribed for steamers proceeding from England to New Zealand. 

General weakness in tile south-east trades would evidently give rise to the following 
features 

/sA— Delay in the advance of the trades across the equator, 
and,— Less volume of humid winds giving rainfall to the peninsulas of Southern 
Asia. 

Early withdrawal of the humid south-west monsoon currents from the India 
region. 

These features were all present to a very marked extent in 1899, and led to 
the severe drought of that year followed by the intense famine of 1900. They were also 
exhibited, but to a less extent, in the years 1900, 1901, 1902, and slightly in the years 
1903 and 1904. 

The continuation current of the south-east trades, t.s., the south-west monsoon 
current, is determined to three areas, vis., Abyssinia, India, and Burma. It is evident that 
the current will advance in different amounts or volumes in different years. The division 
of the current and accompanying rainfall will depend upon the reUtive pressure conditions 
established during the hot weather. An area of great deficiency of pressure will not only 
deteimme a large influx but in virtue of the rainiall continuing for more or less prolonged 
periods in such areas will probably continue to obtain more than its proportionate share 
of rainfall. This opposition between the rainfall of the three competing areas is well 
marked. For example the monsoon rainfall of Burma varies as a rule similarly to that of 
the adjacent districts of Assam, Bengal, and Orissa, more especially Assam, East and 
South Bengal, and generally inversely to the precipitation in North-Western, Western, and 
etitral India. On the other hand, the rainfall of Abyssinia appears generally to follow 
the same law of variation as that of Western India. Rainfall data of Abyssinia for 
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the period arc not available, but the heights or the Nile Floods in August and September, 
vhtch are chiefly due to rainfall in Abyssinia, agree generally in character with that of 
the rainfall in the field of the Bombay current. 

■ During the period !S95*i902, as already staled, the Bay current tos apparently less 
adversely affected than the Bombay current and was determined in larger proportion than 
usual to Burma, in accordance with the general relation that in years of weak monsoon 
currents the coast districts sufler to a much less extent than the interior districts. 

The following gives a statement showing the contrast between the rainfall in Burma 
and India during the whole period 1893*1903 
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Fkaliy, the relative dintribudon of the nvinfall in any one of the three competing areas 
may vaiy very largely from tin* mean owing to local conditions. Large local variations 
arc probably mere milked and frequent in India, than in Burma or Abyssinia. Abnor- 
mally strong or irc.ik monsoons in India .ificct the interior districts much more largely 
than the coast districts, the positive or negative percentage variations from the normal as 
a rule inaeasing from the coar.t districts to the interior. The variations arc generally 
bgtjt in the Punpb, Rajputana, Ccnlr.illndia, the western districts of the United Pro- 
vinces, the West and Central Deccan, the Peninsula and Central Burma. These are in fact 
the areas most liable to drought kadtng to famine. 

Again, Blanford csiabllriitd that heavy and prolonged winletsnowfall in the Western 
Himalayas was accompanied and followed by temperature and pressure conditions in North* 
Wcsltre Indi.1 suchasare usmilly associated with delay in the advance of the Bombay 
branch of the monsoon currents and with more or less severe drought over a part or the 
whole of North-Western fndin, The last example of this was in 1891. T|ic snowfall 
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of the winter 189091 was not only excessive in amount but continued abnormally late 
and lasted until May. As a result there was severe drought in the greater part of Raj* 
putana and part of the Punjab followed by famine of considerable intensity. 

As the winter snowfall was in general defect in the Persian Plateau and Western 
Himalayas in each winter of the period 1895*1903, there was during that period no exam* '■ 
pie of the importance of the heavy winter snowfall factor. 

The following gives a very brief sketch of the air movement in the south-east trades 
region and the equatorial belt in the years 1893, 1896, 1897, 1899, 1900, and 1902 based 
on the meteorological data obtained from vessels entering the ports oi Calcutta and 
Bombay. 

1893. At the commencement of the month the trades had not advanced 
beyond Lat. 5“ S. They crossed the equator in the last week of the month. 

Strong steady south-east trade winds prevailed throughout the month.' 

y«/j,._Strong steady winds normal in direction prevailed over the western half of 
the equatorial belt and the entrance to the Arabian Sea. They were weaker than usual 
in the eastern half and their mean direction was more westerly than usual 

Winds were of normal strength in the western half of the equatorial belt 
except between the 13th and soth. They were also more easterly than usual, They were 
apparently normal in character m the eastern half. 

Sepiember.-'Wynds were normal in direction but stronger than usual in the equatorial 
belt and the extreme south of the Arabian Sea and Bay of Bengal. They fell oH rapidly 
in the third week of tlie month and were light and unsteady in the fourth week. 

1896. May, —The south-east trades did not advance beyond Lat. 3" S. until the aistl 
They extended across the equator in the last week of the month, 

5^Kne.— Winds were weak in the equatorial belt (western half) until the 6th when they 
increased, and were moderately strong during the remainder of the month. 

July — Moderate to strong winds obtained in the equatorial belt during the month. 
The air movement was somewhat feebler than usual, more especially from 
the 10th to the sand when very light winds prevailed over the whole of the western and 
central portions of the belt. 

September.— UoieTa.\e winds prevailed in the belt from the ist to the 8th, and again 
from the 33rd to the 30th. Winds were very feeble and irregular from the 9th to the 22nd. 

1898. May,— The south-east trades horizontal movement was restricted to the south 
of the equator during the month. 

The advance of the trades winds across the equator occurred in the first 
week of the month and moderate to strong winds prevailed in the equatorial belt until the 
20th. Winds were very weak and unsteady during the remainder of the month. 

' lower movement across the equator was generally feeble and consider* 

ably below the noririal, more especially from the loih to the 20th, when light airs and calms 
prevailed. 

^ Attgttri.— Moderate to strong steady winds prevailed throughout the month, 

September.— Ste&iy normal nlnds of moderate strength obtained during nearly the 
ivbole month, 

1899. South-east uiuds did not adrauce beyond Lot. 4’ S. until thn end ot the 
mmth. Feebie enueedy ™ds hence prerailed thtoughoot the month over the eqnatotial 
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Winds vrcre more unsteady than usual, more especially in force. The south* ' 
cast trades movemcnUvas continued across the equator in the first week of the month 
but tlie advance was not so strong as usual. * 

Winds were very feeble throughout the month in the centre of the equatorial 
belt and were also very unsteady and variable, more especially in the second half of the 
wionth. In the western part of the belt winds were of moderate strength during the fir^t 
fortnight and were much feebler than usual in the second half. They were much mor^ 
southerly than usual from (he end to the loth and more easterly or less westerly during 
the remainder of ihc month, the variations being rather large and persistent. 

^Hg«s/.-*Winds were very light and irregular in the centre of the belt througboijt 
the month. They were strong but very unsteady and frequently abnormal in direction 
in the western portion. 

5 e//c*rSfn— The air movement was similar to that of August with the exception 
Ibjit it was feebler more especially in the western jialf. 

1900, May.'—Tho adViince of the south-east trades across the equator was delayed 
until the first week of June, Winds were very weak and unsteady in- the equatorial belt 
during the whole month, 

y«nf.— Winds were of moderate strength during the month. They increased to some 
extent in the fast week of the month, 

Jii/y.— Fairly strong and steady winds prevailed in the western half of the bc|t 
during the month. Winds were more easterly than usual during the last fortnight in the 
region to the south of the equator. 

Atfjw«f--ihtjuViKitr»trsymi^irii[ujr iieitmti' itr oiiuutttnf ifluvariliii’ ithwigthmi* iShg 
month. 

5 c^/f(ifidcr.--Winds were almost as steady and strong in the equatorial belt as i„ 
August. 

“ "1902. ifay.-^domg the fmsl half of the month strong south-east trades were blov^. 
ing south of tlic equator and were continued into the south-west of the Arabian Sea off 
the African coast. Winds in these areas then feil off rapidly and were feeble during thg 
remainder of the month but began to increase rapidly at tiic end of the month.- 

ya«f,-~Strong southerly winds prevailed in the western half of the belt and extender} 
northwards over the Arahi.an Sea during the first week of the month. Winds decrease^! 
eonsiderably in force on the isth and following days and were much below their norma) 
strength until nearly the end of the month, 

ya/y.— Winds were normal tn direction and slightly below their mean strength on thij 
average of the month, They were fairiy steady throughout. 

Winds were apparently very abnormal in force and direction during tfi); 
month in the western half of the equatorial belt. They were largely determined to East 
Africa in the first week of the raontb and were much feebler than usual-and from northerly 
directions in the second week of the monlh. Winds reverted to their norma! direction anq 
strength from the iqlh to the afitli, but were light and unsteady during the remainder of 

the month. - . 

S(Af(rtifr<r''“Thc mr movement in the equatorial belt was weaker than usual ron, 
the isi to the i ilb and the n^tb to the a^th, and normal in the intervurang peood. 

The following tables give the mean intensity of the air movement in the 
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belt during the south-west monsoon period for 1892-1902. The means are based'on the 
information collected by the Calcutta and Bombay Meteorological Offices from vessels 
entering the ports of Calcutta and Bombay, The data thus collected usually give a 
fairly correct estimate of the mean monthly wind force, but occasionally when the number • 
of vessels from which data are obtained is small the means are of doubtful value. The 
data must hence be regarded as a first rough approximation only. It may be premised that 
the equatorial belt considered includes the region between the 8th parallel of south 
latitude and the 4th parallel of north latitude. The meridian of 76® E, divides it into a 
western and an eastern half, 

Table LXXXI!, 


Month* 

Mean monthly wind porcb (Beau fortes notation) at 8 a m. in the 

WESTERN HALF OP THE EQUATORIAL DRLT, f ^ 

1893. 

1894* 

1S9S. 

IB96, 

iBgr. 

1898* 

iSgg. 

I9P0. 

1901. 

1902. ^ 

Mean of 
ten yeatik 

May p * • • • 

« 

2*7 

2*9 

2*6 

a'8 

3*2 

3'2 

2*8 

2'6 

2B 

3*3 

S-J 

June . , . . 

t 


3'« 

4'* 

4‘* 

3'3. 

3*5 

3’i3 

37 

3*5 

3*6 

3'® . 

July • t » • i 

p 

4*2 

3*5 

4'0 

3*7 

3*2 

3*6 

4-6 

3'8 

37 

3*5 

37 

August p , t • 1 

■ 

3*6 

yo 

3'S 

3*7 

3*7 

3*8 

3*7 

4'o 

3*3 

3*5 

, 3*6 

September t p • i 

« 

2*9 1 

a‘9 

3'S 

34 

33 

3*3 

3*3 

3*S 

y(j 

3*5 

3*3 

Mean (May to September) ■ 

k 

3-4 j 

3'* 

3'S 

3*5 

3*3 

3*5 

3*S 

3*6 

3*4 

3'S' 

3*4 


Table LXXXIIl. 



July , , • • 

August » » • 

September * » « 

Mean (May to September) 


Mean monthly wind force (fieAurottT^s notation) at 8 a.m. in th^ 
EASTERN HAir OF THE EQUATORIAL BELT, 


July I fe I t f 

August* • I » ■ 

September * » ■ • 

Mean (May to September) p 


iSq 3 


a*9 2*7 

3*0 S'® 

i 3^3 a*9 

. 36 3'2 

• 2'S 2*8 

. 31 yg 


iBgG* 1897, 


iSgo* t9co. 1901. iQoSj 


2*8 2'6 3'0 2*6 27 2*5 2*9 27 

3‘3 2'6 27 27 2*9 2*8 2^s 2*8 

3*5 3’4 3*0 2'g yi 2*6 rg 

2*7 3-1 2-6 2-9 3-0J 2*6 3*0 

2'9 3*9 3*5 3*3 3*1 36 2‘4 

3*0 2*7 2*6 2*9 2*9 2* 2*7 



Table LXXXIV* 


Pbrcentaoe or wind steadiness tz^ THE Western 

HALF OP TUB BQUAtORIAL BELT, 


1S98* 1894, IB 95 * 18961 1897, 189S, igoo, 





Mean of 
teiyears^ 


SJ 

38 68 

51 5B 
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Table LXXXV. 


^ Mojfni, 

I ■ — 

j PERCfiKTAttR OP Sm&IHFSS W THt tASTCRN 

1 HAl? OF TJIU E^UATOBUt CELT. 


1S94. 

iSgs. 


1 S 97 . 


isjo. 



1903a 

Mean ai 
‘'"I'an. 

Miiy 

53 

aS 

47 

61 

35 

80 

45 

35 

30 

30 

44 

June 

Ot 

41 

30 

3* 

54 

lOO 

63 

9 

43 

47 

43 

July 


54 

45 

5> 


too 

47 


35 

4B 

44 

Anc^st, « 1 • 1 1 

SI 

1 

3S 

43 

Co 

54 

80 

Cfi 


2 S 

30 

47 

Septwaber . • • * • 


1 ? 

31 

34 

74 

54 

70 

49 

45 

9 

38 

>tcun (Mny September) . » 

49 

35 

i 

39 

46 

1 

30 

77 

53 

: 35 

1 

35 

33 

44 


The preesding data sbov tbt in tlie year 1893 of large excess of rainfall in India 
strong steady winds prevailed throughout the period May to September, and the mean 
wind force for the period as shown by Tables LXXXII to LXXXIV was above the normal 
throughout the whole extent of the belt. The year was probably typical of the conditions 
obtaining in the North Indian Ocean and Equatorial Belt in a year of favourable and 
abundant rain in India. 

The years 1896 and 1899 were marked by large deficiency of rainfall. The 8 A.M, 
air movement in the Equatorial Belt differed lillfe from the normal in steadiness or 
strength in the monsoons of 1896 or 1899 according to the data of Tables LXXXII— 
IXXXV. 

The account of the winds derived from the ship observations, on the other hand, 
indicates that in the western half of the Equatorial bell the movement was much weaker 
than usual in these two years, and was also very unsteady in amount or intensity (although 
not in direction). The year 1899 was typical of a minimum of very deficient min in India. 

In 190s the monsoon rainfall was considerably below the normal, but to a less extent 
than in 1896 .and I S99. The air movement in the equatorial belt was, on the average of 
the season, slightly below normal strength and steadiness. The full information shows 
that it was very abnormal in direction in August. 

The years 1897 and 1900 were similar in this respect that they were years of 
recovery from the effects of the droughts of the previous years. In both years winds were 
very unsteady and variable in the eastern half of the belt in May, June, and July and 
were somewhat more unsteady in June in the western half. They were, on the other hand, 
steadier and stronger in both years in August and September, the months when well- 
distributed rtVin in India is most effective and valuable for cultivation. The rains were 
delayed for some time in both years but were satisfactory and favourable and practically 
terminated the effects of the droughts of the two preceding years, 

The data hence on the whole show a fairly well defined relation between the larger 
. variations of the monsoon minfall in India and the air movement in the Equatorial belt 
during the same period and hence probably In the south-east trades region generally. 
They all show that there were large and important variations in that movement during 
the period 1895-1903 of deficient rainfall in India. 
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important features of meteorology of southern ASIA, 


The only meteorological station in the Equatorial belt is that of the Seychelles 
which was established in 1 893, under the direction of the Port Officer. It has unfortunately 
never been inspected by an officer of this department but so far as can be judged 
from frequent examination of the observations they were accurately taken. 'The Port 
Officer takes much interest in the work of the observatory. The exposure of the wind 
instruments is probably fairly satisfactory. The observations are of great interest and' 
show most clearly the large and abrupt increase of the air movement when the south»east 
trades winds burst across the Equator. The following gives weekly data for each year of 
the period 1894 to 1902 from the beginning of May to the last week of September;— 

f 

Table LXXXVI ^ ■ 



HQVRLT TTIHO VKLOClTr IH NILES AT THK SEYCHELLeI* 

Igos 

lOOK 

igeo 

itgg 

tS9S 

iWi 

1B06 

I 189s. 

1st to jlhMay . • 

V 

ft 

1 

n 

6*0 

47 

S7 

3'* 

ri 

5-3 

59 

8tlitoi4th II 4 « 

■ 


ft 


47 

<^3 

4*4 

2*4 

6‘4t 

8-3 

3^ 

151)1 to 91st 1, 4 


• 

f 

71 

3-0 

34 

T 5 

79 

63 

101 

37 

aandtozSth n • * 

« 

« 

■ 

>3'9 

9-8 

S-4 

«9S 

75 

69 

9‘4 

6*4 

39lh May to 4th June « 

* 

ft 

• 

19 9 

8-4 

88 

to 9 

7‘S 

4‘S 

9'4 

9*9 

5th to nth June . , 

t 

ft 

■ 

m 

H-S 

96 

8-3 

lo3 

77 

95 

12*9 

tithtoiBth |> . • 

ft 

ft 

t 

89 

7*0 

9-5 

13*9 

137 

78 

11-8 

Tt5 

tgthtossth n . 

4 

« 

4 

8*6 

83 

8*9 

I3‘S 

10*3 

9‘o 

9*9 

103 

a6th Juncto^nd July ■ 

ft 

ft 

t 

IZ'I 

rs 

ii-a 

it ; 

130 

4*0 

10*7 

13*0 

3fdto glh July . 

ft 

ft 

■ 

95 

94 

9-8 

iS'9 

*3*9 

n'3' 

19*6 

97 

lothtoi^th II 

ft 

1 

ft 

9*4 

7*1 

m 

I4'8 

lia 

10*0 

irp 

11*3 

t7thto93rd n 

1 


0 

106 

It 0 

117 

I3'3 

89 

92 

126 

14*0 

S4Lhto3Qth It • « 

■ 

t 

ft 

*5*3 

13*9 

ia*4 

U'S 

11-5 

167 

117 

U*2 

31st July to 6th August 4 

■ 

ft 


ivB 

1 

139 

13*0 

13 4 

irs 

158 

13*9 

7th la 13th „ 

1 

■ 

ft 

10' 2 

ISO 

*38 

i4'a 

«3 

99 

14*0 

117 I 

14th to 40th II 4 

4 

ft 

1 

*57 

*57 

*57 

153 

143 

13* t 

137 

26a 

ai5tto97th It 4 

ft 

4 



15^8 

M7 

IS 8 

1*3 

12*8 

157 

14*0 

96th August to 3Td September 

ft 

ft 

13*9 

17*9 

I4'3 

i*'a 

99 

8*9 

16*1 

12*0 

4th to loth September . 

■ 

ft 

t 

141 

*57 

107 

lyo 

I3‘4 

16*7 

108 

*3*3 

11th to 17th II 1 

ft 

* 

t 

*34 

145 


ii-8 

is's 

10*9 

*33 

*29 

ifithtoa^th „ 

A.-. 

ft 

1 

ft 


8g 1 

e 

86 

*43 

11-7 

nra 

130' 

19 8 

12*1 


. TV,! inmcaieu by the data are the following:- 

(0 Th6 prolonpd m ,le ad™,t ,1 the .troeg i„ .897, tgoo, « 

and igoSi in each of which vears ther^^ ^ ^ 'j r i \ ^ 

««f!n Jin nf fU cnt.dL ! ^ ^ Considerable retardation in 

setting in of the south*Tvest monsoon rains. , 

(,) The ehaege oranred .bout the normal dite h. 1895, ,898 and 1899. 
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(3) The most remarkable feature is the fairly uniform strength of the winds in the 
. years 1896 and 1899 of drought in India. 

The Seychelles wind data hence appear to indicate that the lower air movement was 
normal in that part of the Equatorial belt in which it is situated during the drought years 
of 1896 and 1899 

This is confirmed by the following mean monthly data for the same period 


Table LXXXVII. 



The same conclusions follow from this as from the data of the preceding table. The 
following gives data of the wind steadiness, expressed as percentages, of Seychelles for the 
same period s— • 

Table LXXXVIII. 
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IMPORTANT FCATURES OF METEOROLOGV OF SOUTHERN ASIA, 


The air movement at and near the Seychelles is strongest and steadiest in August. 
The data of the last table show the great steadiness of the winds at that station through! 
out the period and the rapid increase which occurs in the latter part of May and beginning 
of June. They also establish that the air movement in the neighbourhood of the Seychelles 
was not only stronger but also steadier than usual In the great droRght years of 1896 and 
1899. 

The question as to whether this fealure,n as local or general to the western half of 
the belt Is in part answered by the discussion of the means determined from 'the marine 
data. 


An examination of the winds during the period of breaks in the rains in India, of 
which there were fourteen well-defined cases during the eight-year period iBgs-igoa, 
suggests (i) that the winds are almost invariably steadier than usual during these breaks, 
and (fl) that in seven cases out of ten they were below normal strength. 

The element of observation most directly related to air movement is pressure. , The 
measurement of wind direction and velocity as made at meteorological observatories is 


far from exact or satisfactory, whereas that of air pressure is capable of the greatest 
accuracy. These facts suggest that possibly the more important normal and abnormal 
features of the larger air movements may be more clearly and exactly revealed by the 
pressure changes and variations than by the direct wind observations. 

The pressure changes in the Equatorial belt are always very small in amount. The 
annual variation, as determined from the monthly mean, is, for example, no larger than the 
mean diurnal range of pressure. The seasonal changes increase in amount northwards 
and southwards, so that in Lat. 30° the annual variation determined from monthly means 
is at least five times as great as at the Equator. In Central Asia the range is very large 
due to cyclonic pressure conditions in summer and excessive anticyclonic conditions 
accompanying extreme winter cold. The large annual changes of pressure in the Indo- 
Oceanic area imply a balance of transfer of air to areas in which pressure is increasing 
and an outflow from regions in which it is decreasing. This is, in part at least, If not 
^ transfer of air mass in the middle or upper atmosphere over 

the Indo-Oceanic region between the north and south of the Equator. The movement 

effecting this mass transfer is not directly observable in India in part, because it isa 

comparatively slow adjustment, and in part because it apparently does not occur in the 
region of cirrus cloud. 

VB.!? Iran »Mmn to smon and 

Zil a I"' ™ 

Innacb ofttannaaea h«n toll hn a aLghlexcnsa of p, « Lm and a an! 

responding defect in the second region diip tn '1.1. , , ' 

BanUir.L enne^n bn 

anutb the E,.at„ aahibitod dllg 

b, cam w thn cun-na Plain. XX and XXI fa, India and ManiiL k a,, Mnlr o! 
A pre iminary discussion of certain oscillatorv rhannvo t ^ JweQioir on 

aba,, pnriad h India." Thn npach! » T" 

iavHse in phasn. Thnsaainoppoaitmnwasshminvniyctolrirtta” ranations 
ynaiptns.nin™ian,arkndd.Inct to thn naaih .1 thn Eqaator, Tn ” 
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Austmlia and Mauritius. It was, on the other hand, tn general excess not only in India 
and Burma, but also in China (as evidenced by the data for Hongkong and Zikawei), and 
in Persiaand Baluchistan as is shown by the data for fiushire, Baghdad, and Quetta. 

If these long period variations were due to the causes assigned, or to similar actions, it 
is certain that similar variations would continue to be exhibited in the period 1895-1902, 
The Mauritius curves for this period are, however, not the inverse of the Indian curves. 
This suggests that some additional general action affected pressure similarly over the 
whole area and obscured more or less completely the ordinary long period variations which 
were in progress due to the annual monsoon transfer. 

The recent rrsearchtrs 0/ Sir iVonnan and Or. Coeftyer appear to indicate the exist- 
ence of a slight residual transfer, perhaps of long period, between the eastern or conti- 
nental hemisphere and the western or Dce.mic hemisphere. It is, however, doubtful whether 
this will expimn the anomalous pressure conditions in the Indian oceanic region in 1895- 


1903. 

A comparison of the pressure data and curves (Plates XX, XX 1, and XXII) plotted 
from the d.ata given in T.ablcs LXV, LXVI, LXVIII, LXIX, .and 39 of Appendix C, show 
that on the mean of the year iSpti pressure was in slight excess over the area represented 
by the following stations: C.ape Toivn, Adelaide, Mauritius, Singapore, Batavia, Hongkong. 
Zikawei, Bushire, .and Daghd.ad, and was normal .at Perth and at the Indian stations generally, 
and was -in excess over a vciy large jwrt of tlic Indo-Oceanlc region. The excess was 
small in amount, but it Is none the less significant on this account as it indicates the prerence 
of mote gcner.a1 actions than those of the .annual transfer of air between the atmospheric 
regions north and soulh of the Equator, Again the mc.an pressure of the year 1898 
was in marked defect over the same .are.i. The deficiency was as large in China and 
India as in Ausiralia, 

The occasional marked panllelism between the pressure variations over the whole of 
the Indo-Occanicarc-a during the period 1895-1903 is a most important f.act. It indicates 
the play of more general actions in the !ndo*Oce.anic area than those giving rise to the 
semi-anmj.al transfer between the regions north .and south of thcEquator, actions which were 
lufficicnily powerful to obscure the effects of the ordinary actions. It is possible that the 
full interpretation of these pressure v.ariations in terms of the amount and character of the 
corresponding air movement might, in p.art at least, solve the problem of the large varia- 
tions of rainlall during ihc period. _ 

The decrease of pressure in the hot weather period is a direct thermal eltcct. liiis 

reaches its maximum influence in the list week of May or first wed; of June, alter which 
the invasion of India by the monsoon current produces a large decrease of daify range of 
temperature and a moderate reduction of mean temperature. Pressure, noiwithslandmg, 
decreases to some extent in June .and July, and the lowest monthly pressures 0 the year m 
India occur in June and July and the absolute minima pressures during the cyclonic storms 
of the monsoon period, the chief feature of which is hc.ayy ram. It is hence evident that 
the hcaw rain during lli« monsoon is even more clicctive in re ucmg pressure oca y 
than the great he.al of the hot weather. In other words, the release of energy 
during the condensation of aqueous vapour .and Us absorption y I ic .atmosp ere give 
rise to pressure effects which arc similar to those of the direct heating ^ ^ ^ 
but may be much larger in amount and more local in their extension, T a ^ y 
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A 

of rainfall over a large part of India is accompanied mth an excess of pressure is seen by i 
reference to the curves representing the long period variations of India in the period iSga- 
1903. There was for Instance a marked excess of pressure (local and not due to a long 
period variation) in the monsoon periods of the years 1896, 1899 and 1903, and a similar 
small to moderate deficiency in the monsoon periods of the years 1893 and 1894. Blanford 
has shown that heavy winter snowfall in the Western Himalayas modifies the pressure 
conditions to a marked degree. 

The preceding remarks have indicated that some of the abnormal pressure features 
in the Indo-Oceanic region were unique and also affected the whole area in similar manner, 
so that they were due to some very general actions. The accompanying air movement 
must, as a rule, have exhibited corresponding variations, In part shown by the very limited - 
data available for nearly the whole oceanic area of the Indo-oceanic region. 

The investigation has hence indicated the presence of abnormal large or well-marked 
features of rainfall, air pressure and probably air movement in the Indo-Oceanic area which 
were more or less persistent for a long period. It would be very desirable to assign the 
primary cause of these large persistent variations, 

A simple and adequate explanation undoubtedly would be afforded by variations in 
the intensity of solar radiation either generally or in the lower atmosphere due to larger 
absorption than usual in the upper and middle atmosphere : the decrease in solar radiant 
energy would diminish the supplies of aqueous vapour and hence probably also of preci- 
pitation. 

The only data available in India for discussing this point are the insolation observa- 
tions made by means of black bulb in vacuo solar radiation thermometers. Data have, 
been given for the largest and most important observatories where the conditions for 
accurate observations are most satisfactory. The mean data (given in pages 383 and 284 
and plotted in Plates X and XI) agree very closely and establish that there was an ap- 
parent increase or excess over the mean of solar radiant energy in the lower atmosphere 
before and during the wet period (i8gi to 1894) and that there was on the other hand 
A deficiency during the greater part of the dry period and more especially from 1900 to 
1903, Increased radiation in the lower atmosphere over the tropical Indian Ocean would 
-undoubtedly tend to give more abundant supplies of aqueous vapour and decreased 
radiation diminished supplies. 

The solar radiation thermometer in ordinary use in India and elsewhere has numerous 
effects and its observations are hence not satisfactory and require to be most carefully 
and critically examined before any conclusion based on them can be accepted. Unfot^ 
Innately results of the measurement ofsolar Taxation are not regularly published apparently 
because there Is no general agreement as to a suitable instrument for ordinary observa- 
tions. Statements have been given in recent monthly weather reviews of the Washington 
Weather Bureau and elsewhere which seem to confirm the data of the India solar radia- 
tion instruments. For example, it is stated that the value of the solar radiant energy at a 
continental observatory in 190a was lower than usual, and it was suggested this was due 
to an usually large amount of dust in the upper atmosphere, a result of the Mount Pelde 
emptions. Again it was noted that low values of the solar constant were observed in 1903 
at,the Alleghany astrophysical observatory, and it was Inferred that the heating power of 
solar radiant energy was unusually below the normal, The conclusions from the data 
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aTailsblc to me al present are more or less doubtlul due to tlic unsatisfactory ctiawcter 
of tbf solar radiation thermometer. It is most desirable that this feature of observa- 
tions should be examined and discussed as fully as possible from all the available observ- 
ations. . 

Jt is not the object of the present memoir to give an adequate or complete slate- 
mcnl of the facts of the largo abnormal features of the meteorology of the Indo-Oceanic 
area outing the unique period, iSpa-i noa, for it is not possible under present arrangements 
to collect all the data necessary for such a statement. Neither is it attempted to give a 
satisfactory and conclusive mvesligaiion of the primary' causes or actions giving rise to’ 
these abnormal features, Tliis cannot be effected owing to the scanty amount and unsatis- 
factoty character of the actual data of the variations of Iho large ait circulation in the 
Indo-Occanic area and of solar radi.ulon in India during the period. 

The main object of the memoir is to direct attention to the more important facts of 
the meteorology of the Indian land .area during the past eleven years, and to indicate that it 
is absolutely necessary in order to .ascertain the causes of these and'similar large variations 
to study the meteorology of the whole Indo-Ocoanic field. This roust be carried out 
systematically and continuously if the problems suggested by the facts of the past eleven 
years are to be solved. When this hat been done, seasonal forecasting in India will be- 
come much simpler and more certain than during the past eleven years. It may be 
necessary to go further afield, but the need for this can only be shown ai a result of the 
extension suggested. 


c. ,CP. 




APPENPIX A. 


Famint of Tfie crops in 1S96 are known to have failed very seriously over large areas, 

and elsewhere were below the average. There was thus a strong probability that the production ol 
the ycar;A'<is muck below the requiretnents 'of tbe population, tfetj with the exception of 600,000 
tons of Burma rice, there was no import of food grains from abroad, and there was no absolute dearth 
of food, and it was always purchaseable, though dear. Accumulated sfocks must, therefore, have 
been in existence, and have made good the dehclency in the year's output. The amount of ded.. 
ciency rannot be quantitatively staled. AH that can here be done is to indicate Approximately, by 
examination of the effect of the drought on the harvests of each province, the extent to which the 
Year's outturn appears to have been befow' that of ordinary years. 

In the Punjab the aggregate yield of the autumn and the spring harvests of 189&.P7 seems to 
have been about 23 per cent, or 30 per cent, short of an average crop, In some districts the 
deficiency was very much greater, and in others less than this. Considering the st^nty rainfall 
of the year the result was highly satisfactory, and it could not have been attained were it not that 
the province is exceptionally well equipped with canals and wells and its agriculturists wllliog and 
able to make the fullest use of them. No less than 40 per cent, of the tain crop area and 50 
per cent, of the spring crop of 1896-97 was irrigated-^ercentages higher than have ever been 
known before. The food grain production of the Punjab is in normal seasons considerably in 
excess of its requirements. Taking Into account the economy in consumption enforced by high 
prices, the yield of 1896-97, though below the nverage, probably represented one year's food 
sjppiy for the province, "riie food slocks in existence In the province at the beginning of the 
drought have be :n estimated to represent seven months’ further supply. Thus the Punjab, as 
a whole, « a? very fortunitely situated. Local deficiencies of food stocks, as in the district of 
Hisiar, were easily made good by importations from the less affected districts, and grain was also 
rtcadfJy sent cut of the pnv'mee (0 the NoflMVestcm Provinces and the Central Provinces, ^ 

Tlic Nerth‘\Veslertt Provintes and Oudh were less tortunately situated. Thbse provinces, 
Offing to their dense population, arc net credited with producing a large surplus of food even m 

ordinarily good years. In 1 896*97 the aUtumO crop, hs a whole, was 50 per cent., and the 

springcrop33P« cent, below the average. Taking the two crops together the province may 
bficotwidered to have lost Iwo-fifths of its ordinary liarvest outturn. The loss would have been 
very much greater but for the splendid canal systems which tr,avcrse the western and centra 
poriions of the Norlh-tVcstcrn Provinces, under the names of the Eastern 

Agra Canal, and the Ganges Canal, and for the Innumerable wells and ponds which stud tlm face 

ohhc country, especially in Eastern and Southrtn 0 “'’''' 

North Western Proiinces. The canals irrigated 3.Qoo.«o acres in the 
The area.irrigatcd by wells and tanks has not yet been relumed. 
invciyfcw districts did the spring crops yield much, except on 
therelethe very fair results of tbe spring harvest of .897 

by the cultivators to utilixe to tbe fullest possible extent every op . . . 

/ere described by observers as heroic. Still 

railway traffic show a large continuous import of food grains in f 
.P unjab and Bengal from the first days of the scarcity. J ® pressure 

toBundetkhand and Oudh. WUh the completion of the 

perceptibly cased offin the less distressed parts of the province, and gram moved in large quantities 
from them to the more distressed tracts. ^ 

tn Bengal the great crop of the year is l 4 pecupy gi million acres 

food crop area of S 3 ”""‘0" ^ . The vieid of the late rice crop in 

and the early rain crops of rice and millets 12 J m.llian JJ J 3 ^fTood 

1895.97 was tclurncd at under halt an average crop, a dcrificncj oi awni u or 9 ^ 
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The early rain crops of 1896 were 40 per cent, below the average yield. The spring harvest 
of 1S97 ya-, an average one. The agricultural returns of Bengal are less exact than of other parts 
of India, and it is possible that tlic crop failure was not quite as great as reported, but even in that 
case, the production of the year cannot well be placed above two-thirds of the average outturn. 
This would bo much below the requirements of the population for the twelve tnonihs. In the 
distressed districts of North Bihar local stocks were soon exhausted and imports have been on 3 
large scale. Large quantities of Burma rice went there, EKewhere fbere must evidently have been 
considerable reserves of food. Not a few districts have coniinuously exported and have shown no , 
signs of exhaustion. 

In the Central Proiinces the outturn in 1896-97860018 to have been fully 55 percent, below 
the ordinary yield. With average harvests the province is estimated to produce about 3^ million tons 
of food grams, of nliicli from 3,00,000 to 4,00,000 tons are in excess of its requirements. In 1896-97 
the outturn fell below its actual requirements by about one million tons. The dtficiency mu^t have 
been chiefly met from food stocks existing in the province, as the imports from outside were nol 
large. Within the province grain moved freely from the less distressed districts to the more 
distressed ones, Great economy of consumption was also practised under the action of acute distress >’ 

In Bombay the Deccan districts eejoyed two good years immediately preceding i8,|6, and on the 
estimates of the local agricultural departtn'‘nt had in that period accumulated reserves of food 
equivalent to a nine months' supply. It was fortunate that this was so, for the food grain outturn of 
the year in the affected districts nas little, if anything, over one-fourth of the ordinary yield, 
Outside the affected area Sind had average harvests, while Gujarat was somewiial in defect. The 
total outturn of the Bombay Presidency In J 896-97 may be put at five-eighths of the production of 
an ordinary year, and consequently was less than twelve months' requirements of the papulation 
In Madras the outturn of the distressed area in the Deccan may perhaps be put at one quarter of 
the average, and in Ganjam and Vizagapatam the outturn was shortby probably fifty per cent, 
elsewhere the deficiency was not great, and as the distressed areas were relatively small, the year's 
outturn of the Presidency nas probably wilhtn 20 percent, of the normal, Storks also were 
large. Prices were lower than elsewhere, and the grain exports to other provinces exceeded 
the imports. Madras, therefore, was not in serious difliculty about its food supplies. In the 
Berars tilt autumn crop which there occupies much larger area than the spring crop nas said to 
be short by 50 per cent, and the spring crop by 75 percent. This is probably an over- 
estimate of loss The cuUivalors were said to have had a year’s supply of food grains in hand, 
and though prices have been high, there seems at all times to have been sufRcient food in the 
province. 

Uegardlng the Native States m which distress has prevailed, it is only possible to speak in 
general terms about their food production and requirements. In the Nizam's Dominions the 
distressed districts had, like the Bombay and Madras Deccan country, enjoyed good seasons up to 
1S96, and entered on the scarcity with large stocks of grain, Much of this was drawn awav to 
Bntish Districts in the first months of the drought, and then holders of grain took alarm and 
refused to sell. Prices reached a very high level in parts of the state, but there is evidence 
that considerable reserves still existed. In Bundrikhand and Baghelkhand the year's production of 
food must have been much below the requirements of the population, as the harvests were as bad 
as in British Bundelkhand, On the relief works in Reuah considerable quantities of Burma rice 
were sold, and despite of the prejudice vihicb as a novelty it excited it found its nay into remote ' 
village marts. TheGiiallor and Dholpur states must also have been short of supplies, as they 
imported grain largely from the Meerut division of the North-Western Provincesaiid Oudh, and 
from Rajiutana The Rajputana states, on the other band, had for the most part fair harvests and 
considerable stocks and n ere able to export. 

Summarising the results of this investigation as regards British India, the table below indi- 
cates that the food outturn of British India (excluding Burma) in 1896-97 was about ore-third 
below that of ordinary years. This represents a deficiency of about iS or 19 million tons. The 
consumption of the people under the stress of high prices was unquestionably ‘reduced, and 
a portion of the deficiency was in this way covered. The rest was made good by reserv e stocks 
and by the import of about 6,00,000 tons of rice from Burma. 
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The followinjt gives a tabular summary shoeing tbecrtectof the drought on different parts o( 
adia;— 


. Province, 

Population 
by prcvnl 
census. 

Normal 
food crop 
area. 

Defect in yield 
of 1896*07 
below the 
tiormiUt 

f. Punjab « « • , 

• V 

ft 


Acres, 

r 


tn NortKAVeslern Provincca ind Oudh 

« 

30 ,SOO,ODO 


35 pw cent. 

3. Den^t ... * 


■ 

4;,oooi00o 

36iODO,qoo 

40 

rp 

4e CtntrsI Provincei * * 

» 

ft 

7I1O0O1O00 

5300OjO0q 

33 

if 

Btrar « t » * s 

% 

0 

f0i700|00o 

j 

ss 

II 

0 Bumbsiy » . « • 

ft 

ft 

3,90QjQoo 

4,000, 0Q(^ 

40 

n 

Madffli « 4 • ■ 

t 

1 

tS^SoOtOOO 

23^000,000 

35 

u 




36/)OOiOqo 

37,500.000 

20 

If 

Tom 

ft 

2 ari 3 DOjQOO 

1 50 , 000,000 

33 

II 


%/e Narrative of the Famine in \ndiain 1 896*57.'') 

“ Tlie famine of i896'97 affected an area oI about 225,000 square miles in British India and 
population of 63 millions, The area which was severely affected and to which relief operations 
ere chiefly confined may be pul roughly at 125,000 square miles with a population of 34 millions. 

■ the direct relief of distress, apart from loans and advances to landholders and cultivators and 
-missions of land revenue, 727 lakhs of rupees (Rx. 7,270,000) were expended by the State. Relief 
as thus given to 82 1 millions of persons at an average cost of 1*42 annas a day for each person 
‘lieved. This is equivalent to an average of 2,220,000 persons relieved day by day tor the space 

one year, at the rate of R32‘7 per head per annum." 

*' Among cattle there was a deplorable mortality, and the loss incurred by the agricultural corn- 
unity in this respect must have been very great indeed," 

•' A noticeable feature of this, as of former (amines in the Punjab, was the great mortality that 

xurred among cattle caused by the drying op of fodder supplies It will probably never be 

town to what extent agricultural stock has been depleted during the past two years, but in the single 
strict of Hissar no less than 77,134 or 54 per cent, of the plough cattle are estimated to have 
sappeated between the 1st May 1S9G and the sist March 1897, a period of eleven months. Ac- 
tding to another estimate forthc same district ■' 132,325 animals or 92 percent, of the plough 
id well cattle of those found to exist in April 1895 disappeared in the two-and-a-half ycar.s 
Honing." From these figures may be formed some idea of the distress and suffering to cattle and 
e resulting loss to cultivators. The measures adopted by the local Government to mitigate this loss 
the opening to grazing of Government forests seems to have been as full ns circumstances 
!rinilted.—(r';rfc Report of the Indian Famine Commission, 1898, paras, 339, 318, 326.)" 

Famine 0/ tSgp—tpoo. The area affected by the recent famine, at the time of maximum 
cssurc in the five British piovlnces, to wliich our enquiries extended, was roughly 175,000 square 
lies, ,md the population of that area was 25 millions according to the census of 1891. Including the 
Bs afflicted parts of British India, the area and the population affected were, in round numbers, 
,0,000 square miles and 28 millions respectively. 

The circumstances of the famine ol 1899-1900 are in many ways pcciillar. Both in its male- 
1 manifcstnlions and in tlic attitude of the people, it differs from preceding famines, Nor was its 
tensity uniform over the whole tract affected. Over large areas the conditions were rather those 
scarcity than of famine ; but in both scarcity and famine areas the difficulties were aggravated 

■ the fact that the failure of the crops was attended, in many parts of the affected provinces, by a 
lure of the water-supply, and also by a failure of fodder, which in parts of Bombay was practically 

0 2 
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complete. This shortneas of the tirater'snpply and dearth of fodder ^old heavily on men a'nd callte'. 
and enormously inereafed the difficulties of administration, moreoyer, in the districts ‘ bordering- Ion'*' 
Native States immigration added wry greatly to the anxieties of the local officers; " , r 

It is estimated that nearly two million attie, local and immigrant combined, died in ,ibe Cenlial 
Provinces and its feudatory states, atid that an equal number died in Bombay. -The mortality n-ss .* 
also great in Berai and in Ajmer, in which latter district no effective measures were taken • to pre*/- ^ 
vent it. Nor was this mortality confined to the useless cattle ; valuable hullo cks-and breeding cattle 
perished in thousands] involving a loss to agriculturists, from winch even with the liberal assist* ' 
anceof Government, it will take them long (o recover. This loss was. most severe/ as its results,', 
were most disastrous, in Gujarat, where the fodder famine was complete, and' where the health of the - 
people was largely sunk in their cattle. In their efiorts 'to save their cattle' the Gujarat agriculturists : 
expended all their savings, themselves enduring great privations : they sold their jewels and cyeh the '' 
doors and rafters of their houses, we were told, in order to purchase fodder, 'Their 'elforls failed,,”-, 
their cattle died, and with their cattle all thetr accumulated wealth disappeared': so- that Gtijarat 
became a stricken field, Report of the Indian Famine' Commission, l<}ot.) 
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RAINFALL, 
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tane • , 

JO- Punjab Hills 
51. North Punjab - 

32. West Oo> 

33. Malabar 

34. Madras South 
Central 

35 - Mysore • * 

36. IConkan 

37. Bombay Dccron , 
381 Hvderabad North 
39 i Khandesh > 

40. Berar * 

41- Central Provinces 
West . . ^ . 

42. Central Provinces 
Central 

43. Central Provinces 
East . 

K - 

44. Gujarat * 

45. Kathiawar and 

Cutch . , 

46. Sind . • 

47. Baluchistan Hills , 

46- Central India East 
49- Rajputana East, 
Central India 
West , , . 

50. West Rajputana . 

51. East Coast North . 

52- Hyderabad South . 

53 - Madras Ceniral • 
54 * East Coast Central 
55> East Coast South . 
5U1 Madras South - 


Whole vear. 


3‘e8 
250 
25^ 

*‘73 
4'97 

5-96 [ -2^22 


No. ID. 


NUMBER OF RAINY DAYS, 1836. 




i» Tenasserim - .| 

2> Lower Burma Del- 
taic* 

3 » Central Burma . 

4 » Upper Do* 

S* Arakan • * 


Day Season, 
January To May, 


Wet SrAS^Kf 
]UNC toDecehdar* 



varratTon 

naroiaLl. 






































No. lo. 


INDIAN OCEAN AND NEIGHBOURING COUNTRIES DURING THE PERIOD iSga-igoj. Xvii 
:o. ' ' NUMBER OF RAINY DAYS, iSgS-wwlB&rf. 


Wet Seasdh, 
Jm TO Deczmbsiu 


Wholb year. 



BlVQAL AVD 
Assam. 


Okited Provis* 
I cEs OF Agra 
akd Oitdh. 


Pdkjab ■ 


Bombat akdMa' 
XABAR Coast 
Districts (Ma' 
bras}. 


CtKTRAL PROY- 
INCE 5 AND 

Bbrar. 


6 . Eastern Bengal . 

7. Assam Surma 

8. Do, Hilts 

9. Do. Brahmaputra 

IQ. Deltaic Bengal . 
11. Central Do, , 

j2. North Do. , 

13. Bengal Hills 

14. Orissa. « . 

15. Chota Nagpur - 

16. South Bihar . 

17. North Do. I 

18. United Provinces 

£a<il . 

ig. South Oudh • » 

20. North Do. • 

31. United Prcnnnc£5 
Central 

23 . United ProYmCGS 
West 

33, United Provincej 
East Submontane 

34, United Provinces 
West Submontane 

25, United Provinces 

Hills . . 

26, South-East Punjab ^ 

27, South Do. 

38, Central Do. . 

29. Punjab Submon- 
tane . . 

3a Punjab Hills 

31, North Punjab 

32, West Do. 

33^ Malabar . . 

34. Madras South 
Central * 

35. MjBore . . 

I 361 Konknn 

I 37* Bombay Deccan . 
[ 38. Khandesh . . 

30. Central Provinces 

West . 

40. Central Provinces 

Central 

41. Central Provinces 

East > 


—ird 
86’2 1 *“10*8 
-147 


42. Gujarat 

Bombat North 43. Kathiawar and 
* Cutch • 

44 Sind - • ■ 

L 45. Baluchistan Hills . 

46. Central India East 

47. Rajpuinna 
Centra! India West 

48. West Rajputana . 

49. East Coast North . 

50. Madras Central . 
31! East Coast Central 

32. East Coast South . 

33, Madras South 


Rajfutara ako 
Czktral India. 


Madras , 


id 129^7 
II 111*6 
II 80*4 

21 73*1 

25 Ssa 

II 1207 



95 
8'8 

34 
5-8 

3-2 —i-o 


3‘6 -3’o -S3 

4 'S - 4 ‘* ■ -93 

5*3 - 4‘8 -91 

o'; —07 —100 

07 — ffS —36 a7'9 


5-9 -1-8 - 3 ' 477 

4'3 - 0'3 - 7 34’9 

-ro -30 37-6 

-2*3 -48 45 s 

9 *3 1 — S'6 —38 32*3 


+ 4 1 30 -i I + I'S ! J 5 


530 + o '3 


55’4 

+ D'S 

49-1 

+ 17 

28'6 

+ 3'5 


S 3’6 

40-9 
5 V 3 

+44 1 41'6 






































No. n. 


IMPORTANT FEATURES OF METEOROLOGY OF SOUTHERN' ASIA.. , ; ^ 
RAINFALL, 1897. 



Obnoait 

Assam. 


United Prov- 
tKCES OF Agra 

AKD OUDH, 


Pdhjab 


Bombay and 
MalabauCoast- 

D t ST R L CT S 
Madras). 


CeflTRAL pROV* 
IVCES 

Bbrah. 


1, Tcnasserim - 

2, LottTT Burma Del 

taic . . . 

3, Central Burma 


" 6 Eastern Beng[al 

7, Assam Surma 

8. Do. Hills 

9« Do. Brahma 
putra 

[0. Deltaic Bengal 

11. Central Do. 

12. North Do. 

13. Bengal Hills 

14. Orissa > ■ 

15. Chota Nagpur 

16. South Bihar 
^ 17. North Do. . 

‘ i5» United Provinces 
l^st . 

19. South Oudh 

20. North Do. . 

21. United Provinces 

Central • 

22. United Provinces 

West 

. 23, United ProWnces 
East Sub 

montane ■ 

24. United Province 

West Sub 

montane 

25. United Provinces 
1 Hills 


26. South-East Punjab 

27. South Do. 

26. Central Do 

29p Punjab Submontan 

30. Do, Hills 

31. North Punjab 

32. West Do. 

33» Malabar . 

33-A. Travancore 
34« Madras South Cen 
tral * • 

35. Coorg . 

36. Mysore . 

37. Konlcan 

38. Bombay Deccan 

39. Hyderabad North 

40. Khandesh ^ 



Wet Srabon, 

June TO Dbcbuder, 

6 

a 

& 

“1 

u. e 

0 I 

C3 ^ 
,9*3 ! 

5 SB 
•Bis 6 

« s 

•*r I 

|ti 

Du 


WHOtEYEAB, 


41, Bcrar . . , 

42. Central Provinces 

West , . 

43 * Central Provinces 
Central » 

44 ‘ Central Provinces 
Bast « 


Indies* 

2 ri 4 + 6’97 

1228 +r$i 
6*13. +4-12 

— 0*01 
19*56 —8*84 

i8‘6s — 4 ’S 4 
39 *oi -411 
27 'o 8 -h6’28 

26*44 

1191 -2*57 

897 -1-24 

i 6'59 +0*33 

8*07 4*0*88 
5*58 +0-76 
371 -072 

5*64 -o'sa 

rgo — o-iS 
rg4 —0*29 

264 —0*32 
1*34 " 0-13 

1 

r92 — 1-36 


Inches, Inches, 

iS<'8i +*5'aB 

81*43 +670 
52*98 - S' 1 8 

39'3* - 
158*48 - 


69*04 + 
80*90 + 
I >0*83 + 

6rSi + 
48*76 + 
47*09 •}* 


■r 

+ 
4 * 

47‘6i i + 


36*35 -f 
34*16 + 

-I a 36*31 4. 
- 8 3a*8i 

-71 24*41 


2*76 -0*90 -33 39 87 


4‘SS -I'Bs 

967 - 2*57 

2*38 -1*52 
2*48 —0*56 
4*36 -0*43 
5*65 -o‘s6 
14*98 +1*26 
7*79 + 3'94 


6*31 +093 

4 M 

5*36 -0*53 
2*20 — 1'27 
2*88 +o'iS 
1*74 "■o* 4 S 
1*35 —1*11 

rgo -0*93 
1*73 +0*21 
3*03 +0*64 
+ 3‘33 


—40 41*67 

-27 51-30 

—64 20 97 
-23 t 3 'S 4 . 
— 14*52 

—10 25*32 

+ 8 
+S1 


-8 

ill 

ii6'46 

t.n 

+15 

III 

23-28 

-710 

-S8 

—26 

-82 

29*17 

112*87 

3370 

34*44 

31*47 

-49 

38*66 

+12 

42*98 

+32 

49*60 

+123 

47*32 



87*69 

120*81 + 

13851 ^ 

f 

88*25 + 

60*67 4- i-op; + 2 
56*06 

94*36 

I'l 'S'i 

*r I 5373, 

*f2S 43 * 8 i _ , 

•f 2 53*25 +0*55 +,l 


+28 3825 +10*05 +26 

+ 9 36*10+2*95 +B 
+10 38*95+3*13 +8 

- 4 34*35 - 1 *S 6 - 5 

+21 26*33 + 3*84 +15 

+15 42*63 4 5*20 +12 

+12 '46*22 


-12 23*35 

— 0 i 6*02 

-11 18*88 

-22 30*87 
—10 62*01 
+ 16 21*07 
+S8 9*02 

+30 126*69 


34*53 

115*07+11*42 +10 

36581+0*231 +1 
36*18 

— 1 32*82 

-23 40*56 

- 4 44*71 

51*63 


+ 13*51 

+33 

“ 4*14 
- 17s 

-iB 

^11 

— 2'08 

^11 

- 6*15 

- 3*24 

^20 

-5 

+ O'OJ 

+29 























INDIAN OCEAN AND NEIGHBOURING COUNTRIES DURING THE PERIOD iSsj-tSM. xIx 


No* II* rainfall, 



No, 12 . NUMBER OF RAINY DAYS, 1B97. 








































n 

No» 12, 




IMPORTANT FEATURES METEOROLOGY OF SOUTHERN ASIA, 
NUMBER OF ^AINY DAYS, i^<^j*^oncluded. 


|?iv:sioK> 


5'2 *-09 


Wet Sra^qh, 
June to pBcmstu 


24) 3^81 +2*0 1 +5 


B 9 

+o '3 

+3 

98 

+i-t 

+11 

!I9 

+S 9 

+27 

[ 3 'i 

+ 9'4 

+ 7 * 

S '3 

+0 + 

+8 


Coast 

Dts-< 

TRICTS 

[Mad* 

t^AS). 


Central Prov* 


BoWBjiT(NoRTH) 


RmUTANA AMD 


33-A. Travanwre 


3S Bombay Deccan 
39 Hyderabad Norlb 
40. Rhandesh « 


42. Genital Provinces 
West » 

43* Central Provinces 
Central , , 

44* Central Provinces 


46 Kathiawar and 
Cutch « 

47 > Bird , 

48. Baluchistan Hilla . 


49* Central India East 


94 I +3*1 1 +33 I 35*3 


36 +o'8 
4'5 +2*0 
S 3 + 6'2 


4 V 3 

■f 47 

9 fi '3 


494 

—31 

4 V 3 

1 f 

-2 0 

Sf 4 

IH 

- 3'3 

S 3 ’S 

-ra 

508 

+ 4'5 

480 

-04 

*77 

111 

+105 

It* 

*n* 

1 1 

114 « 

■ II 

477 

+S '4 

111 

34'9 

III 

+dS 

J 7'6 

-a-j 

45'4 

-ss 

Si'S 

-2‘a 


P erconfraC <3 
voHatf on irooa 





























IMPORTANT FEATURES OF METEOROLOGY OP SOUTHERN ASIA/ , 
RAINFALL, iS^i-eoncltiJid. ' 



DBY SCASONr 

January to May. 


Wet Season, 
|OHE TO December, 


Cbktral Pro- 

VINCE5 

Berar. 


I 


Bomb ay{N ORTH) 


RiJfUTANA AND^ 

Central India.' 


Madras • 


I 


40. Berar . t , 

4t Central Provinces 
West 

42 Central Provinces 
Central. 

43. Central Provinces 

East, 

44. Gujarat . . 

45. ICatbiawar and j 

Cutch* 

46. Sind. . • » 

47. Baluchistan Hills * 

48. Central India East 

49. Raiputana East, 

Central India 
West. 

50. West Rajputana . 

51. East Coast North. 

52. Hyderabad South 

53. Madras Central . 

54. East Coast Central 
35. Do. South 
56, Madras South 



No. 14. 


NUMBER OF RAINY DAYS, iBgS. 


Day Season, 
January to May. 


Wbt Ssason, 
JURfi TO D&CENBBR. 




1. Tenasserim 
a. Lots^er Burma Del- 
taic. 

3. Central Burma . 

4, Upper Do. . 

^ Ar^an . . 

6» Bnslern Bengal • 
7« Assam Surma « 
3 . Do. Hills 
9< Do. Brahma- 
putra* 

IQ. Deltaic Bengal . 
ti. Central Do. 

12. North Do. , 

13. Bengal Hills. 

14. Orissa 

I j^Chola Nagpur . 
16* South Bihar , 

17.1 North Do, 


-Ai 73'o +3-4 

-50 86-2 

“ 3 a -rj 

“id 71*4 +0*4 



Whole Ybar. 































INDIAN OCEAN AND NEIGHSOURING COUNTRIES DURING THE PERIOD xxiil 




NUMBER OF RAINY DAYS, iSgS-MnNiiAA 


Wet Simd!i, 
Jure to Dbceuiieii, 


WnoLE Year. 


a I i 

•sS s|E 

t] S .f ^ ® 
> ^ 



nAlrUtA!fA 
CiMftu |y}9ii. 


t I 


, C^^rat In! a i «. 

6r.^r;il Mk ' 

* Wr;: » \ »” 

, 1?f V Nofi^ . j S’'; 

» SrtiUbt "' 1 , / 

. .| .VJ 

. llftil f'fla'.t Ctnt«l : 3’.^ "‘*’3 

;. IJ«.. y»'- s;*! 


lir-Soml,. SH -;3 ~s +»■? +3> 

!.lftrifHASitrth . 9‘3 +‘^ Vi n i 





































important features of meteorology of southern ASIA, 


No. IS. 


rainfall, 1899. 



Ipclies. Inches. 


Wer Season, 

JVKB TO DfiCBHBSE, 


f I, Tenasserim . 28-43 + 5'<58 +“ i<j 6*77 

2. Lower Burma 14-29 •r8-78 +01 90*37 

Ddtaie. 

■' 3. Central Burma . 7-83 +i'og • 1 -I 4 48-65 

4. Upper Do. , 0-36 + 3-97 3 i ’34 

S- Arahan . . I4'53 +6-93 +48 158-95 


^ O* OT 

I 4'53 +“‘!I 3 •»' 4 o 158-95 


Whole Year. 


tncliei Incite.. 

95-22 +2-86f +1 

104-66 -14*33 -14 

56-48 -6-11 -II 
3770 +12-78 +34 
73*48 +14-37 +8 


' 6. Eastern Bengal 

7. Assam Surma 

8. Do. Hills 

9. Do. Brahma 

putra. 

to. Deltaic Bengal 
BEtfOAL AUD , Central Do. 

Assam. ^ ,2. N„th Do. 

13. Bengal Hills 

14. Orissa • 

15. Chot.i Nagpur 
lb. South Bihar 
17. North Do. 


i8‘66 +6-05 +32 69-63 

39.74 -1-64 -4 86-87 

27-35 +id-i6 +37 110-78 

26-16 +2-00' +8 6i'7S 


11-79 +3*89 
9-01 —0-92 
16-59 -2-49 
20*20 +5‘o8 

795 +2*01 

3-66 +0-54 
5 55 +i' 5 a 


+33 48-76 
-10 47*27 
“IS 78-11 
+25 118-05 

+25 '^3*72 

” 1.3 48*07 
•f IS 1 40-23 

+27 46 92 


i8i United Provinces 
East. 

ig. South Oudh 

20. North Do, 

21. United Provinces 

Central. 

„ „ 22. United Provinces 

UNITEOPROriN* 

CES OF Agra 4 United Provinces 
AND OoDH, ggjj Submon- 

tane. 

24. United Provinces 

West Sub- 
montane. 

25. United Provinces 

Hills. 


1-90 +o-6a +32 36-39 


1- 94 +0-33 
264 +0*80 
I'Si “ 0*55 

1*92 — o'6S 

2- 76 + 1*45 


-Li? 1 34*17 
+30 
-36 

“35 24*41 

+S 3 3V77 


4-61 —1-68 —36 41-67 
9*79 — 2'52 “26 51-40 


+ 19 38*29 

•l-g 3611 
•i -9 38*95 

-1 34*31 

-27 26-33 
+39 4253 

-29 46-28 

-IS 61-19 


26. Sonth'East Punjab 3-45 —184 

27 . South Do. • 2-48 —2 06 

28. Central Do. . 4 36 _3.oo 

Punjab - ,4 29. Punjab Submon- 559 -.33^ 

tane. 

30. Do, Hiils , 14-84 _y.i9 

31. North Punjab . 7 66 —1*52 


32. West Do. 


-75 21-09 

-l |3 13*54 

“6g 14*52 

—bo 25-71 

-43 46-75 
“20 13-49 


2-38 —1 46 —61 64s 


Bombay and Cen 

Malabar Coast I 35. Coorg . 
D I s T R I c 1 36, Mjsore 


(Madras). 


33. Malabar . .1023 +8*26 +81 118-39 

33*A. Travancore , ... , ^ 

34. Ma^as South 641 +1-49 -^23 23-04 

Central. 


3 b. Mjsore , , 3.3, 4.38 

^2* D L n ' ' *^*’ 7 ® +125 112 86 

38. Bombay Deccan 2-88 +r:6 +44 3361 

39. Hjderabod North 1-75 +1-53 +88 35-46 

40. Khandesh , , j.gs 4o'l2 +9 31-41 









INDIAN OCEAN AND NEIGHBOURING COUNTRIES DURING THE PERIOD 1S91-1902. XXV 





Drv Season^ 
Jakuarv 10 Mav, 


rt 

^ e 

D S 

E 

Division. 

6 

c 

0 

gl 


c 

& 

S 

h u € 
^ B C 

ill 

h T! ft 


Central Protm 

XKCB 8 AND-i 

Berar. I 


Bo M SA T 

(NoRTn)- 


Rajputana and\ 
Central 
1npia> 


Madras « , 


Wet Season, 



No. 16. 


NUMBER OF RAINY DAYS, iBgj. 



Burma . 


Bengal 

Assam, 


1, Tcnosscrim . . 

2, Lower Burma Dcl- 

tsrc. 

3, Central Burma 
A. Upper Do, 

5. Araknn 

G, Eastern Bengal 
7. Assam Surma 
§. Do, Hills 
g, Do. Brahma 
putra 

10. Deltaic Bengal 

11. Central Do. 

13, North Do. 

13. Bengal Hills 

14. Orissa 

15. Chow Nagpur 

16. South Bihnr 

17. North Do. 


DRV SPA'iON, 
jANUAHyTttMAV, 


Wet Seasqn, 
JdhetoUSccuber. 


WholrYeae, 



+ 10-9 +19 


H 























XXVI 


IMPORTANT FKATURES OF METEOROLOOy OF SOUTHERN ASIA, 


No. l6. 


number of RAINV days, iSgg—mtlude^, 



WvrSsA^ONp 

Juki TO Ukleubbr. 


UKtTBDPaovis* 
cas or Aora' 
AK 13 OuDH. 


Punjab , 


Boaibat aSD Cenirsi 
Malabar Coast , 3S« Coorg 
Districts] 36. Mysore 
(Madras). 37, Konkaii 


37, Konkaii » » 

3^ Bombay Deccan . 
39 Hyderabad Norlli 
40. Knandosh . 


41. Berar . 

Cbktral Prov- Central Provlncei 

IKCIS A K D 4 West. 

BcRARi 43, Do. Central 

; 44. Do Eist . 



« 

A 


m 

• 

8 


b 

*1 

« 1 

bS 

2 

s 

a 

E 


s 


a 

E 

II 

C 1 

«» 

pj 

Vi i 

«, 

0 

h. 

4 

D 

u 

1 w n B 

ff- 


5 


S 

1 4H ^ M 

i; u 0 

aJ 

1 

t. 

sE 


i ^ (J c 

u 


18, United Provinces 
East. 

19 South Oudh 
20. Nor til Do. 

21 United Provinces 
Central 

22, United Provinces 

West, 

23. United Pfovlncos 

East Submontane. 
74. United PfOvinccB 
Wcsi'Submontane 
25. United Provinces 
Hills. 

2$. South-East Punjab 
27. South Do* , 
2^ Central Do. . 
ag. Punjab Submon* 

( tana 

30 Do. Hilts , 

31. North Punjab , 

^ 32. West Punjab 

" 33 Malabar 
31 - A. Travnneofe 

34. Madras South 
Central. 


4-3 +o'S 


4’2 
5*2 
3'8 -n 

4‘9 ^17 

5^3 + 3 ’* 

8*9 

19-2 “4.'2 


55 
8*9 

9*9 “■ 4'4 

22'a “-3’g 
13*2 -(-o’4 


uo. ucntrai 4*4 ^0 1 

Do Egst . 5-3 +1*4 


Bombay (North) ^ 


Rajfutaka and 
Ckmtral India 


45. Gujarat . , 07 

41 Kothianar and 08 

Cutch. 

47 - Sind 

48. Baluchistan HillSt 


49. Central India Host 
50 R^putana East, 
Cenlr.il India 
West, 

51. West Rajputana • 





+3 4 S ’8 


+ 0*3 

+ 3 ‘g 

“29 367 ~S’+ 

“35 280 “ 4‘9 

+58 V® 

-24 38M “S'o 

-22 S97 ~n-i 


64 23*s -75 

;2 i6'i -0'9 

54 16 1 -67 

■ 25-5 “ 7'3 


-9 4 o's 



47.8 [ _in 


5‘3 -2-fi 
I2’9 +87 

96 +22 


90 +25 +28 

3'4 +2 6 +7(5 957 

39 +07 ti2 49'0 

lit VPf ■■ 

2'3 + 0'9 +39 44*3 



S3*5 --2 
SO‘B -1 



52 East Coast North . 
53. Hyilcrabnd South . 
Madras 54 . Madras Central , 

MADRAS . 55 . East Coast Central 

56. Do. South . 

. 57. Madras South . 


6-0 +2-3 +3S 47-6 



-13 

473 

-ig 

78-9 

t 32 

290 

-43 

21*4 

—40 

256 

-29 

35'4 


^50 


- 33 ; 

1-1 

a 

“33 ; 

1*. 

4 S ’9 

~24 

528 

*” 5 ‘ 

991 

-40 

549 

*-5 

’46*6 

J50 

..i 

540 

-41 

579 

—21 

SS ‘9 

—Os 1 

489 

-70 

■.1 

287 

■ li 

... 

... 

. 4 . 


«•! 

-25 

53'6 

-^61 

t*. 

39*4 

-32 1 

409 

-28 

52'o 

“27 

41*2 


+o '5 4 r 
+(>•0 +14 

-45 

— <— 20 
+107 +23 

- 7 'i >.,5 

—> 3*4 ^0 

I 

-n'o , -38 
—107 -50 

“U '5 “45 

“117 ‘-33 
-i6‘o -23 

—VI 

“ 7 'J 
—26*3 —22 

-^7 (—21 


-79 -IS 
-27-4 -28 

-lyo -35 
— 22‘I —47 

















INDIAN OCEAN AND NEIGHBOURING COUNTRIES DURING IHb PERIOD i8gz igoa.xxVlt 




Dry Seasov, 
January to May 


Wet SkAsoNi 
June joDece^^ebr, 


1 Tcnasscnm 

2 Loner Burma Del 
taic* 

3 Ccnlrnl Burma 
4. Upper Do 

5 Arakan 

6 H'lStem Bengal 

7 As'iiti Surma • ' 
R Do HHIs 

9 Do Brahma- 
putra 

10 Deltnic Ber^I « 

j [ Central do 
13 North do 
13 Bengal Hil 1 $ ■ 
14. Ons^a • • 

15 Choti Nagpur . 
[0 South Bihar 
17 North do - 

iS United Pfownccs 
East 

19 South Oudh 
30 North do > 
at United Provinces 
Central 

33 United Provinces 
WesL 

33 United Provinces 
East Submontane 
24- United Provinces 
West Submon 
tane 

35 United Provinces 
Hills 

26 South East Punjab 

27 South Punjab 

38 Central do 

29 Punjab Submon- 
tane 

30 Punjab Hills • 

31 North Punjab . 

32 West Punjab • 

33 Malabar > • 

33 A Travancorc » 

- , 34, Madna South Cen 

Bo»m AKo 

M ALA DA n 1 Coorg • 

p Mjsort . , 

twcTS (M«. 3 Kinfein . 

***' 38 Bombay Oeecar l 

39 H\ dcrabad North 

40. Knandesh • 

41 Berar • • 

43 Central Protinccs 
West 

43 Ccninl Provinces 
Central 

44 Central Ptmincts 
I Bast 


Cuvaai Phot- 
IVCU SVD 

































IAIPORTANT features of meteorology of southern ASIA, 


No. 17. 


RAINFALL, 



BOMBn(NQRTH) 


45- Gujarat , 

46* Kathiawar and 
Gulch* 

47* Sind • • « 

4^* Baluchistan Hills* 


Ruputaka and 
Cbntrai. In- 
dia. 


Madras « 


’ 4Q' Central India East- 
Rajputana East^ 
(Antral India 
West 

\ S^' West Rajputana . 

^ 52* East Coast North , 
53* Hyderabad South i 
54* Madras Central 
H 55* East Coast Central 
I 50* Hast Coast South > 
L 57‘ Madras South * 


Wholb Yeab. 


No. 18. 


NUMBER OF RAINY DAYS, 1900. 



Dry Sbason, 
January to May. 


Wet Season, 
lUHB To Decemdcr, 


Whole Year* 


Burma . • 


Bsroal 

Assast. 


t Tenasserim . 

) Loner Burma Del 
tBiC. 

3 Central Burma 

4 Upper do, 

5 Arakan , 


6 Eastern Bengal 

7 Assam Surma 
B Do. Hills 

9 Do. Brahma 
putra. 

10 Oei ic Bengal 
It Central da 
** North do. 

*3 Bengal Hills 
t4 Onssa , 

IS Chota Nagpur 

South Bihar , 

*7 North do. . 





























Ho 18. 


INDIAN OCEAN AND NEIGHBOURING COUNTRIES DURING THE PERIOD 1892 igo* XXIX 
[8, NUMBER OF RAINV DAYS, igaa-uwludid 
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IMPORTANT FEATURES OF METEOROt.O'GY OF SOUTHERN-ASIA, < 


Nx 19. 


RAINFALL, 1901. 



Dbv Season, 
January to May. 


Division* 


Burma • 


Bengal and 
Assam. 


Inches. 

1. Tcnnsscrim , .3845 

2. Lower Bunna Del- 

taic 4 » . 

3. Central Burma , 

I 4. Upper Do. 

L 5 Arakan . * 

6 Eastern Bengal . 

7. Assam Surma . 

8. Do, Hills , 

9. Do. Brahma- 
putra 

to. Deltaic Bengal , 

11. Central Do. , 

12. Nonli Do, 

[3. Bengal Hills 

14. Oriiisa , , 

35 Chota Nagpur , 

16. South Bihar 

^ 17. North Do., 

18, United Provinces 

19. South Oudh . 

20* North Do«t 

21. United Provinces 

Central. 

S2, United Provinces 
West. 

23, United Provinces 
East Sub montane 
24* United Provmcca 
West Submon- 
tane, 

25. United Provinces 
L Hills. 

26. South-East Punjab 

27. South Do, 

28. rentfal Do*, 

29. Punjab Submon- 

tane, 

30. Punjab Hills 

, 3t* North Punjab • 

32. West Punjab , 


33 * Malabar , 

33*A. Travancore 
34. Madras South 
Central. 

Bombay and 33. Coorg , 

Malabar' 36. M}sore , , 

Coast Dis- 37, Konkan • , 

T R 1 c T s 38, Bombay Deccan . 

(Madras), 39. H\dcrabad North 
40, Kfiandesh • , 


United Protin-^ 
CBS OP Agra I 
AKD OlIDH, 


Punjab 


' 4t* Berar . , . 

42. Central Provinces 
- Weit, 

Central Prov** 43, Central Provinces 
INCBS and Central. 20a 

Bbrar, ^4, Central Provinces 

^ East 2*76 
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No. 20. 


IMPOaTANT FEATURES OF METEOROLOGY OF SOUTHERN ASIA, 
NUMBER OF RAINY DAYS, igoi—eontluded. , 


Oey SmoVi Wet Sgaso^i 

January to ^!AV. Juke to Deceuder, 


Province. 

Division. 

r 

UmtepProviv- 
CES 0? Aora - 
AND OUDH. 

V 

i8a United Provinces 
East. 

IQ. South Oudh , 

20 North Do. ^ 

2t. United Provinces 
Central 

22. United Provinces 

West 

23. United Provinces 

East Subttion^ 
tone. 

24. United Provinces 

West Submon- 
tane. 

25 United Provinces 
Hills. 

1* 

Punjab • , << 

Ip 

25 * South-East Punjab 
27. South Do, 

2^ Central Dq, 

29. Punjab Submon- 

tane. 

30. Punjab Hills 

31, North Puniab 

32, West Punjab 

* 

Bombay a n o 
Malabar - 
Coast Dis- 
TRI GTS 

(Madras), 

33. Malabar 

33*A, Travancorc 

34. Madras South 

CentraC' 

35. Coorg 

36. Mysore 

37. KonUan , 

38. Bombay Deccan , 
39 Hyderabad North 

, 40. Khandesh • 

Central Prov- 
inces and ■ 
Bbrar. 

\ 

' 41. Berar , . , 

42. Central Provinces 
West, 

4V Central Provinces 
Central, 

44. Central Provinces 
East, 

BountT 

iNoRia), 

' 45. Gujarat , , 

46. Kathiaivar Rn d 

Cutch 

47, Sind . « , 

40. Baluchistan Hills » 

r 

Rajputana and 
Cekt&al 

Ikdii, 

V 

49 Central India East 

50. R^putana East, 

Central India 
West 

51. West Rajputana . 

’ 

Madras, , ■ 

52. East Coast North 

53. Hjderabad South 

54. Madras Central , 

55 East Coast Central 

56 East Coast South , 
57. Madras South • 




















INDIAN OCEAN AND NEIGHBOURING COUNTRIES DURING THE PERIOD 1892-1902* xJcxiil 


No* 2h 


flOTIRCf. 

DtVIblON. 




rainfali.j 1902, 


Dry Season, 
January 10 Mav. 


I. Tcna.''«rim - , 

t, LoKtr Burma 

DeItTC. 

Hvm. . ■' 3 >CCTlr.il Burma 

A, Upper UQ. 

J 5 , Ainkjm « 1 


fj 6 . Lviem IJCTf:*’vl 
* j, Assam Stirma 
b, Ha Hills 
i p. Do* Brnltmapi] 
j tra. 

I0« Ddiai: UfflRal 
<11, Ccnifal Do* 

! 12. No*i]i Do. 

tj, Hiis 

14. Ori^M • 

15. Naypor 

16. S«iOj Bihar 
\J 17 , Ncrth Do* , 


f- ifi. LVred Tfo^inttf 

I IJU. 

19. Scu.h Oodh I 

20, NiT*lh Do. ^ • 

51, Unl'ttl I’rcvirctt 

Cfriral. 

UflTftlPrOYIN- 53. Uoitc^l pfovincti 
cii or AofA^i Wri# , 

AND Own* r aj. Lniif^ rre vircrs 
J SulmcTl^flf, 

‘ :i, Unitl 

j Wrt Su^mcn* i 

wnf. 

51. Uriicd Pfwiren 

i; Hillw 


26 Stmh-Eatl Tunjal 
37. S<wlli Do. 
jy, CtiMml Do. 
jp. Punjab Subtren- 
lanf. 

JO, Pimiftb Hills I 
31, js’orth Punjab 
31c \V«l Du. • 


" ,13. Malabar . • 

ii.A. Iravancom • 
34, Marlras South 
Crntral, 

31;, Coori: • • 

< 3^ • ■ 

37, K(»rkan • • 

I I**, ilomhay nccfflrt • 

39. IhderabadNorth 

J 40 . Konmlmh * 


Bomiat akp * 
M A t A I! A a I 
CoiiT Dis<^ 
faiCTI (MaP< 
rai). I 
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No. 21. 


important features op METEOROLOOy OF SOUTHERN ASIA, 
RAINFALL, igoz-^mcludei 



Dry Sbrsoni 
JAKOARV to MAYi 


Wet SrasoNi 
June to Deccvirrr* 


48, Baladiistan llilts . 

478 

40, Central India Bast 

1*39 

i;o, Ratputana Bast, 

1*38 

Central India 


West. ^ 


5T. West Rajputana , 

073 

$2 East Coast North . ' 

4 ‘iS 




£4. Madras Central , 
55, Hast Coast Central 
5^. Do. South, 
57. Madras South , 



tt/oastumral fl '43 -I'oo 1 -67 

Do. South, 4*29 +1M2 +33 

(ras South J 6'i3 1 -t-i *20 +68 


No, 22. number of rainy da\s, 190a. 

































■INDIAN OCEAN AND NElGHBOtlRING COUNTRIES DURING THE PERIOD 1898.1902. XJCXV 
No. 22 . NUMBER OF RAINY BAYS, \^2-~C0nduded. 


Province, 

Division, 

1 

Ukitbd Proyih- 
i CIS OP Agra* 
anaOgdh. 

t8. United Provinces 
Enst. 

19. South Oudh , 

30. North Do. 
ai. United Provinces 
Central 

sa. United Provinces 
West. 

23. United Provinces 

East Submontane 

24. United Provinces ^ 

West SubmoTiK 
tane- 

25. United Provinces 

Bills. 

f 

1 

Punjab . 

1. 

fid. South-East Punjab 
a;. South Do. 

a8, Central Do. 

29, Punjab Submon- 

tane* 

30, Punjab Hills i 

31, North Punjab 

33. West Do. 

BoMBAT " AND 
Malabar 
Coast Dis-< 
TRicTS (Mad- 
ras), 

33. Malabar « . 

33*A. Travarcore 

34. Madras Sonth 

Central. 

5^. Coorg , 

36* Mysore . * 

37. Konkan 

35. Bombay Deccan 

39. Hyderabad North 

40. Ehundesh . 

Central Prov- 
inces AND« 

Bebar, 

. 

41. Berar , 

4fi* Central Provinces 
West 

43, Central Provinces 

Central. 

44. Central Provinces 

East. 

Bombay- 
1 '(Nortb). 

' \ 

' 45. Cujnrat 

46. Kathiawar and 

Cutch, 

47. Sind . 

48. Baluchistan Hills , 

Rajputana and- 
j Cbktrai. India. 

49. Central India East 

50. Rajputana East, 

Central India 
West* 

51* West Kajputana , 

1 

^fADRA 5 . .j 

' 5fi. East Coast North, 
53, Hyderabad South 
54 Madras Central * 

55. East Coast Central 

56. Do. South . 

57. Madras South » 
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important features of METBOROLOGV of southern ASIA, 


No. 23. 


— : 


PrOVIMCE. 

UlVIBloN, 

tl 

i 

Bonui • 

1, Tenasssrim • «« 

2, Lower ^ Burma 

Deltaic* 

Central Burma 
Upper Do* 

5, Arakan ■ • 

A 

BlNOAt AHD' 

Assam. 

6. Eastern Bengal* 

7, Aisam Surma . 

8 Do. Hills . 
p Do. Brahma* 

putra 

10, Deltaic Bengal . 

11, Central Do* • 

12, North Do. • 

13 Bengal Hills 

14 Orissa . * 

15. Chou Nagpur . 

16. South Bihar . 

17. North Do. t 

' 

United Prov- 
inces OF, 
AohjL AND 
OUDH. 

4 

18. United Provinces 
East. 

IQ, South Oudn . 

20 North Do. 1 

31. United Pruvincefi 
Central. ^ 

23. United Provinces 
West. 

33. United Provinces 
East Submon- 
tane 

31. United Provinces 
West Sufamon* 
lane 

25, United Provinces 
Hills. 

POKUB •- 

‘ 26. South-East Pun* 
]nb. 

a;. South Punjab . 
28. Central Punjab 

3p. Punjab Stibmon* 
tane. 

30. Punjab Hills . 

31. North- Punjab . 
32 West Do. 

Bombay and 
Malabar 
Coast Dis- 
triots(Mad*< 

RAB). 

r 33. Malabar * * 

‘ 33A.Tfavancore . 

34. Madras South 
Central. 

35 * Coorg • * 

1 361 Mysore • 

37, Konkan • * 

381 Bombay Deccan 
Hyderabad 
North. 

40. Ehandesh « 

CbrtralProv- 
INOBS AND^ 

' Berar* - 

1 

" 4T. Berar 

12. Central Provinces 
West. 

43. Central Provinces 

Central. 

44. Central Provinces 

, Easu 


RATII) 07 ACTITAI. RAtNrkt TO HUUIBR or RAlRV &A19 IN 
WBT51AS0Nt JuNETO UsCEMORR. 


vS 

VI 


0-3 


* Uf P- ^SubiAontane)* 


iBSI] 

iSgf 

ie95. 

189 s. 

1897 . 

|S;S 

iSgj. 

1 

IQOO. 

XQdt. 

i 

*9M. 



r4- 

r 6 

1% 

r4 

1*4 

»-s 

1*4 

t’4 

P«. 

... 

0*8 

09 

0*8 

09 

u7 

H 

08 

o3 


■ 

06 

0*6 

0*6 

0*6 

m 

Bi 

0*6 




07 

(v7 

O'*! 

0-7 


D 

0*7 

oft 

m 

H 

I'Z 

«'7 

i’+ 

ro 

*'4 

re 

rs 

D 

ro 

<rg 

09 

08 

ro 

1 1 

ri 

ro 

ri 

V 

n 

ra 

ro 

0*9 

KQ 

1 0 

ro 

Jri 

0*9 

ro 

ro 


B 

. 1 . 

ro 

13 

rt 

rz 

6*9 

ro 

ri 


m 

ro 

0*8 

o-g 

0*9 

0*9 

ro 

0*9 

r« 



07 

07 

0*8 

0*8 

<*■9 

ro 

08 

0*8 


mn 

07 

0*3 

08 

Kn 

0*9 

08 

0*8 

0*8 

BBI 

vt 

V7 

ro 

rt 

ri 

ri 

ri 

ri 

»'3 

HH 



n 

ri 

1*2 

ri 

ri 

ro 

ra 


d 8 

ro 

0*9 

0*8 

0*9 

0*9 

ri 

0*8 

09 

0^8 

oS 

0*3 

09 

0*8 

■0 

o3 

09 

0*8 

0*8 

nS 

o’g 

0*8 

0*9 

ro 

ro 

ro 


0*8 

0*8 

ID 

0-9 

09 

09 

o*p 

ri 

ri 

1*0 

0*8 

^e-9 

o“g 

tfQ 

0*8 

0*7 

ro 

ro 

ro 

07 

09 

o'B 

1^0 

ri 

0*9 

0*6 

0*9 

t'o 

ro 

0-8 

ro 

I 0*8 

I’O 

1 1 

tf9 

0*9 

to 

ro 

0*9 

o-p 

0*9 




tfp 

tr; 

0*9 

0*9 

ro 

07 

ro 

1 

Id 


0*8 

0*9 

frg 

0*8 

0*8 

0 * 

0*7 

0*8 

in 

B 

ro* 

I 


n 

ri 

0*9 

0-8 

O'P 

M 

H 

Ml 

m 

VI 


0*9 

* 0*9 

ri 

1*0 

III 

Ml 

III 

o-g 

1*2 

1 


o ‘8 

1*1 

0*9 


•M 

III 

0*8 

trS 

0*7 

0*6 

0*8 

\ 

0*8 

0*8 

o‘9 

0*0 

ord 

0 ‘S 

cry 

07 


10 


c; 

0-8 

08 

mn 

07 

07 

0*8 

0*6 

orS 

0*8 


ri 

ro 

0*7 

0*8 

0*8 

09 


1*2 

ro 

0*8 

0 00 

ri 

0*9 

0*0 

m 

BH 

0*8 

ro 

ro 

0*7 

of ro 1 

|- 0 * 81 * 

0 - 8 ' 




0*6 

07 

0*7 

0*6 

9 07 

07 


tr6 

m 


0-5 

0 'S 

0*6 

0*6 

t 

0 * t "0 

ro 

¥ 

ri 

0 

B 


ri 

t'3 

ra 

ra 



M. 

mm 

D 

■ES*! 

\mn 

08 


HJ 

07 

0*5 

0*7 

0*6 

0*7 

07 

0*6 

0*6 

07 

07 



0*3 

17 

ra 

0*7 

0 -S 

rx 

0*9 

ro 

o '6 

0*6 

0*6 

07 

0*7 

0*7 

0*6 

0*3 

Kjy 


3 ' VI 

ri 

' VI 

V4 

i'3 

1*2 

0*8 

HI 


HO 

7 uj 

0*7 

07 

0*8 

0*7 

07 

0*6 

mi 



4V* 

•II 

0*3 

07 

0*7 

06 

m 

0*7 



7 0-7 

tt‘7 

O'; 

0*8 

07 

07 

0*6 

07 


H 


III 

06 

0*7 

0*7 

0*6 

o-S 

08 

0 -B 

07 

9 0-7 

0*8 

org 

ro 

09 

0*8 

*■7 

09 

0*8 

07 

S 0*9 

08 

0*8 

■ 

0*8 

0*9 

0-8 

m 

ro 

0*8 

0 0*9 

0*9 

1*0 

1*2 

0*9 

0-8 

0*8 

1 

0*8 

0*8 


^ Nort%*We^Punjtb« 










































. .JlAS OCEA?J AND NEIGHBOURING COUNrRiKS DURING THE PERIOD t89M90». xxxvii 


No. i'i-cmluded. 
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IMPORTANT FEATURES OF METEOROLOGY OF SOUTHERN ASIA, 



25. Pcrceniage vnria** 














































XXfflJC 


IJfOIAS OCEAS AND NEIGHBOURING COUfTRIES DURING THE PERIOD iSjmqji, 


«/ ftin/ttli 
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No ^5. Smoothed vertical pressure anomalies^ JLeh — X.ahore 
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important features of meteorology of southern ASIA, 









































^ SmooiA^d S v^riftal pre^^ure an^mnUet^ Ou^iia^yaffoBA^ad, 


INDIAN ocean and NEIGIJBOUHING.COUNTRIES during the period i 89 J.r 902 . xH 
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No 30 Smoa^/ied variation of monthly mean pressure from normal at Zanstbar, 


IMPORTANT features OF METEOROLOGY IN SOUTHERN ASIA 
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Plate I. 


SMOOTHED MEAN VARIATION OF 
TEMPERATURE OF WHOLE INDIA 
1890-1302. 
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smoothed mean Variation of 

ABSOLUTE HUMIDITY (AQUEOUS VAPOUR 
PRESSURE) FROM NORMAL, 1890- 1902 


SMOOTHED MEAN VARIATION OF 
RELATIVE HUMIDITY FROM NORMAL, 
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Plate IV 


smoothed variation prom normal of mean annual temperature at eleven 
SELECTED AND REPRESENTATIVE STATIONS DURING THE PERIOD, 1890-1902. 
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Plate V 


SMOOTHED variation FROM NORMAL OF MEAN ANNUAL VAPOOP PRESSURE 
OR ABSOLUTE HUMIDITY AT ELEVEN SELECTED AND REPRESENTATIVE 
stations DURIN® the period, 1880 -1902 
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PlateVIII 


SMOOTHED VARIATION FROM NORMAU OF MEAN ANNUAL RAINFALL. AT TWELVE 
selected and representative stations DURIN6 THE PERIOD, 1830-1902. 
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"Plate IX » 


actual variation from normal of mean annual rainfall at twelve 
selected and representative stations DURINS THE PERIOD , 1890 -1002. 
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Pl8.te XI 


SMOOTHED V/>iJR|ATION FFOM MORMAL OPaNNUAL 

mean excess of sun over shade 
temperature, iesj-i9oa. 


SMOOTHED variation FROM NORMAL OF MEAN 
EXCESS OF SUN OVER SHADE TEMPERA- 
-TURE or Kor-WEATHER PERIOO 
MARCH to may 1891-1302. 
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Plato XII. 


ACTUAL ANNUAL VARIATION OF GROUND SURFACE TEMPERATURE FROM NORMALAT 
DEHRA, LAH0RE,UA\PUR, ALLAHABAD AND CALCUTTA DURING PERIOD ISBO-ISOS, 
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Plate XIII 


SMOOTHED ANNU^L variation OF GROUND SURFACE TEMPERATURE FRoM NORMAL AT 
DEHRAj LAHORE, JAIPUR^ ALLAHABAD AND CALCUTTA DURING PEmoD iSaHSOL 
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PI ate XV. 


^ SMOOTHED monthly VARIATION FROM NORMAL OF PRESSURE OF THE INDIAN LAND 
AREA FROM JANUARY 1885 TO DECEMBER 1898 AND MONTHLY VERTICAL 
PRESSURE anomalies FOR THREE PAIRS OF STATIONS IN NORTHERN 
INDIA ,ViZ.,LEH 8r LAHORE, SIMLA Se LUDHIANA, AND QUETTA ft-JACOBABAD. 
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Plate XVI. 


7nDIA viz'^l.EHs'l!AHORE'"aiMLri“^ OESTAnoNS IN NORTMEHN 

INDIA, LEHaLAHORE, SIMLA& LUOHIANA, AND QUETTA & JACOBABAD 





SMOOTHED VARIATION FROM NORMAL OF PRESSURE (MONTH BY MONTH) 
0URIN6 THE PERIOD, 1881 TO 1684, AT MAURITIUS, BATAVIA, PERTH AND HONSKONG 
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Plate XVIII. 


smoothed variation from normal of pressure (month by month) 

DURINO the period, 1895 to ISeS AT MAURITIUS, BATAVIA, PERTH AND HONGKONS. 
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Plate Xir 


SMOOTHED VARIATION FROM NORMAL OF PRESSURE (MONTH BY MONTH) 

during the period, teas to i902,at Mauritius, batavia, Perth and hongkons 
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. Plate XX. 


actual annual VAI^IATION of pressure at seven EXTRA-INDIAN STATIONS FROM 
IBSITO 1902 TOGETHER WITH THAT OF MEAN INDIA, 
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PiffiteXXI. 


SMOOTHED annual VARIATION OF PRESSURE SEVEN EXTRA-INDIAN STATIONS FROM 
1892 TO 1901 TOGETHER WlTu THAT OF MEAN INDIA 
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Pla;teXXIL 


ACTUAL ANNIJAL VARIATION Or PRESSURE FROM 
1831TO t&OZ AT ZANZIBAR, MAURITIUS, 
SEYCHELLES AMD ME \U INDIA 
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